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“Farming looks mighty easy when your plow is a pencil and you're a thousand 
miles from the corn field.” 
 






















In november 2001 ben ik bijna klaar met mijn studie Energie en 
Milieuwetenschappen bij de IVEM, als Sanderine Nonhebel vraagt of ik geen Aio 
wil worden. Het betreft een onderzoek naar de duurzaamheid van dierlijke 
voedselproducten en ligt qua onderwerp in het verlengde van mijn leeronderzoek 
‘Vlees: een duurzame eiwitbron?’. Het onderwerp spreekt me intrinsiek erg aan, 
maar Aio worden? Op dat moment is mijn voorstelling van een Aio een soort 
monnik die vier jaar lang op zichzelf en teruggetrokken in een bedompt kantoor 
met één specifiek onderzoek bezig is. Het interessante van dit onderzoek is echter 
dat het onderdeel uitmaakt van een project waarin drie Aio’s en één Postdoc van 
vier verschillende universiteiten en onderzoeksdisciplines samen gaan werken aan 
een gezamenlijke vraagstelling. De multidisciplinaire aanpak, de beoogde 
intensieve samenwerking met de andere onderzoekers en de interessante 
vraagstelling maakt dat ik weinig bedenktijd nodig heb. In februari 2002 ga ik aan 
de slag.  
 
Nu, ruim zeven jaar later is het proefschrift klaar en kijk ik met veel plezier terug op 
mijn tijd als Aio. Het gezamenlijke project is wel anders gelopen dan beoogd. 
Samenwerking tussen verschillende disciplines geografisch verdeeld over vier 
universiteiten is erg lastig, helemaal wanneer blijkt dat de Aio’s bij aanvang van 
hun onderzoek eigenlijk elkaars eindresultaten nodig hebben. Uiteindelijk wordt je 
dan toch die monnik. Maar die vierjarige periode waarin je eigen onderzoek doet 
en je verdiept in één specifiek onderwerp heb ik als erg enerverend en bijzonder 
ervaren. Op de eerste plaats door de unieke werksfeer bij de IVEM en de 
begeleiding door mijn copromotor en promotores. Op de tweede plaats door het 
uitdagende onderzoeksveld en de complexiteit van het voedselproductiesysteem 
met als zijn facetten.  
 
Toen in 2006 mijn contract afliep waren de vijf kernhoofdstukken van dit 
proefschrift gereed. Daarna volgde de geboorte van Vince en later Nikita, een 
fantastische baan bij CLM en een verhuizing naar Culemborg. Het afronden van 
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1.1. General introduction 
Food consumption generates the highest environmental impact per person. 
(Nijdam, 2005). Within the food domain, food products of animal origin have a 
particularly high environmental impact (Kramer, 2000; Goodland, 1997; Smil, 2002). 
Animal source foods – meat, milk and eggs – are a part of the human diet which 
provides metabolic energy, amino acids, vitamins and minerals. To produce animal 
source foods, vast amounts of natural resources are required, such as energy, land 
and water. However, the availability of natural resources is limited. Furthermore, 
natural resource use is associated with environmental degradation. Given this 
environmental impact and the increasing scarcity of natural resources, reduction in 
the consumption of such products is a challenge for the future. An often mentioned 
possible strategy to reduce the demands on natural resources of food production 
and consumption is moving to a more vegetarian diet. However, consumers will be 
very reluctant to give up the consumption of animal source foods (Hoogland, 2006). 
A consumer shift to a vegetarian diet is therefore not likely to occur in the near 
future. Forecasted demographic and socioeconomic transitions on a global level 
will result in an even greater demand for livestock products (Steinfeld, 2006). This 
makes the reduction challenge even more complex and urgent. According to the 
Food and Agriculture Organization of the United Nations (FAO), satisfying the 
increasing and changing demand for animal source foods while at the same time 
sustaining the natural resource base is one of the major challenges facing world 
agriculture (Steinfeld, 2006).  
This thesis aims to provide an insight into the natural resource use of livestock 
products and to identify reduction options. There are, however, numerous livestock 
systems that produce an equally large number of livestock products and 
environmental impacts. Focus is therefore required. In the following we will define 
this study in greater detail. 
1.2. Animal source food consumption 
In prehistory humans acquired animal source foods through hunting, fishing and 
gathering. Approximately 11,000 years ago, humanity started to domesticate 
animals (Gupta, 2004). Domestication enabled the constant access to and full use 
of animal products and functions. In addition to meat, milk and eggs, domesticated 
animals – or livestock – also produce manure, wool, hair, feathers, leather and fur. 
Furthermore, livestock performs several functions: transport, draught, security, 
science, recreation, nature conservation and social and financial security. 
Depending on their environment and living conditions, the needs of different 




evolution to obtain breeds that better suited their needs. These needs evolved in 
changing socioeconomic conditions. Livestock production practices changed in 
response. The small-scale subsistence agriculture and related animal husbandry 
intended to ensure family nutrition developed into large-scale industrial farming to 
keep up with the increasing global demand for animal source foods. 
Globally, animal source foods provide seventeen percent of dietary energy and 
thirty-five percent of dietary protein (Steinfeld, 2006). In developed countries these 
proportions are even higher, with animal source foods providing approximately 
thirty percent of dietary energy and sixty percent of dietary proteins (FAOSTATS). 
Furthermore, animal source foods are an important source of B vitamins, D 
vitamins, proteins, iron, sink, copper and selenium. Consumption of animal source 
foods is, however, not merely about obtaining nutrition. Other factors also influence 
our consumption behaviour of animal source foods. Price, sensory preferences, 
health, safety, ethics, religion, social aspects and environmental factors influence 
the type and amount of animal source foods consumed (Radder, 2005; Korthals, 
2004). Sensory preferences such as taste, smell and texture are the most 
important determinants for Western consumers when buying animal source foods 
(Radder, 2005). Depending on a person’s sensory preferences, purchasing 
behaviour differs.  
In the last twenty to thirty years, various food scares have influenced consumer 
preferences and have drawn attention to health and food safety. Owing to media 
coverage, consumers have become aware of cholesterol, hormones, antibiotics, 
dioxins, avian influenza, salmonella, swine fever and Bovine Spongiform 
Encephalopathy (BSE). Research indicates that health and safety issues are the 
most important reason for consumers to reduce their consumption of meat 
(Verbeke, 2001; Gruner, 2006). The BSE scare for instance had a profound effect 
on EU meat consumption. Beef consumption dropped by twenty percent in 1996 
immediately after the media coverage of the outbreak (Burton, 1996) and was 
down by forty percent in 2000 (Morgan, 2001). Over the ensuing months beef 
consumption recovered partially. However, it is estimated that beef consumption 
has structurally dropped by twelve percent (European Commission, 2005). As beef 
consumption dropped, consumption of pork and poultry increased considerably in 
the same period. 
Tradition and social aspects also influence meat consumption behaviour. Western 
food cultures have traditionally viewed animal source foods as the central element 
of each meal (McCarthy, 2003; Gruner, 2006). Certain events are related to the 
consumption of specific animal source foods. For instance, turkey is consumed for 
Thanksgiving in the USA and many Christians consume eggs during Easter.   
Animal welfare and the environment are issues that have barely affected 
consumers purchasing behaviour. (Harrington, 1991; Gruner, 2006). However, 
researchers expect that they will become increasingly important for consumers now 
because of greater attention in media and politics on these issues. (Verbeke, 1999; 
McCarthy, 2003) 
1.3. Future transitions affecting the demand for animal source food 
Large increases in the demand for animal source foods are projected to continue 




animal source food consumption has recently been increasingly influenced by 
concerns about health, environment, ethics, animal welfare and development, all of 
which combine to exert downward pressure on animal source food consumption 
(Steinfeld, 2006). The projected increase is mainly due to transitions in population 
size, economic growth and changing diets. 
 
Growing populations 
Currently, the global agricultural system is feeding a world population of 6.6 billion. 
Forecasts indicate that the world population will grow to approximately 9.2 billion by 
2050 (United Nations, 2007). The demand for food will increase accordingly if all 
other factors stay unchanged.  
 
Economic growth 
A major determinant of the growth of animal source food demand is the growth in 
income. As incomes grow, expenditure on livestock products grows rapidly 
(Delgado, 1999). Therefore, a growing per capita income will result in a growing 
demand for animal source food. This effect is especially significant in low and 
middle-income countries where animal source food consumption is still low. In 
these countries the increase in meat consumption usually exceeds the increase in 
income. Forecasts produced by the World Bank show higher incomes for all 
regions and income groups. Incomes will increase in low and middle-income 
countries in particular. 
 
Changing diets 
As stated, diets transform as incomes rise and populations age. Other factors that 
affect changes in consumption patterns are urbanization and global eating. In the 
previous century populations moved away from rural areas and into cities. 
Currently, half the world’s population lives in cities. This development will continue 
over the coming decades. People in cities have on average a lower rate of physical 
activity and therefore lower nutritional needs. This effect reduces the increase in 
animal source food consumption. However, urban people also have different 
consumption patterns. They consume fewer staples, eat out more frequently and 
consume larger quantities of ready-to-heat and ready-to-cook meals and more 
snacks. Therefore, urbanization has an influence on the position and function of 
animal source foods (Steinfeld, 2006; Rae, 1998).  
People from industrialized nations consume particularly large amounts of food 
products that are produced in different countries. This global eating is possible due 
to technological advances. Technological advances in preservation allow food to 
be eaten long after it is grown and harvested. Technological advances in 
transportation – such as aircraft, trucks, ships etc. – allow food grown in one place 
to be consumed ‘fresh’ on the other side of the world. Technological advances in 
agriculture have resulted in a greater diversity of food products and lower relative 
prices. This has led to more varied and richer consumption patterns. These 
consumption patterns are less monotonous and contain more added fats, sugar, 





Increase in population and the per capita increase in consumption will result in 
massive increases in animal source food consumption. Delgado (1999) estimate 
that the annual world growth rate of animal source food consumption will be three 
percent for meat and 1.5 percent for milk. It is expected that in coming decades this 
growth will require a ‘livestock revolution’ (Delgado, 1999). To meet the projected 
demands will require investments in agricultural production research and 
development and the implementation of policies that encourage feed production 
and feed conversion efficiency. Protecting the environment will also be essential.  
1.4. Dutch animal source food production system 
As defined by Peet (1992) ‘A system is a whole that cannot be divided into 
independent parts. Each part has properties it loses when separated from the 
system and visa versa every system has some essential properties that its parts do 
not have.’ The most important features of systems are relationships and variety. 
The animal source food system is the entire food production and consumption 
system from primary production to food consumption, including related branches 
that supply resources, goods and services, and that process waste. The animal 
source food system is a subsystem of the natural system that depends on natural 
resources. For instance, without the direct input of natural resources such as solar 
energy, sufficient food production would not be possible. The animal source food 
system has many elements and thus many relationships. System analysis 
comprises research into the interaction between such relationships with the aim of 
understanding how various systems function and how they interact and 
subsequently affect their related environments. This thesis predominately focuses 
on the Dutch animal source food production system. 
 
The Dutch animal source food production system is part of a global system. Large 
quantities of food end-products and raw materials are imported and exported. 
Owing to globalization, it is difficult to determine the boundaries of the Dutch animal 
source food production system. Does it comprise all animal source food produced 
in the Netherlands or all food produced for Dutch consumers or all animal source 
food produced by the Dutch? The latter refers to Dutch food companies that own 
farms, aquaculture facilities and food processing factories in countries other than 
the Netherlands. This thesis focuses on the overall system surrounding animals 
kept in the Netherlands. The origin of the resources such as feed,1 agro-chemicals 
etc., needed to raise livestock can be anywhere in the world. 
 
Figure 1.1 shows a simplified outline of the animal source food production system. 
Crop cultivation produces the crops used by the feed industry. The feed from the 
feed industry is fed to livestock to produce eggs, raw milk and livestock which are 
processed by the food industry into animal source foods (e.g. sausages and dairy 
products). The animal source foods are consumed by consumers. 
                                                          
1
 In this thesis a distinction is made between food and feed. Foods are consumed 
by humans while feeds are consumed by livestock. Animal source foods are, 
therefore, foods of livestock origin such as meat, milk and eggs, and livestock feed 






Figure  1.1 Schematic representation of the animal source food system  
 
The Netherlands produces approximately one percent of the world’s animal source 
foods. Pigs, chicken and cattle are quantitatively the most important livestock in the 
Netherlands. These animals produce different kinds of food products. Cattle 
produce beef and milk, chickens produce meat and eggs, and pigs produce pork. 
In the Netherlands in 2006, four million cattle, eleven million pigs, over one 
hundred million chickens and five million animals of other species produced three 
billion kilograms of meat, over ten billion eggs and eleven billion kilograms of milk 
(LEI/CBS, 2007). However, less than half of this production is consumed within the 
Netherlands. The remainder is exported mainly to other EU countries. To feed all 
the livestock in the Netherlands requires over twenty-one billion kilograms of feed. 
The bulk of the raw materials required to produce feed is imported. (LEI/CBS, 
2007). 
 
In the Netherlands livestock can be kept according to different types of 
management schemes. Examples of management schemes are conventional, 
ecological, free-range, organic and organic-dynamic. There are differences within 
these management scheme types. For instance, free-range can be indoors, 
outdoors, partly outdoors, outdoors on grass and with or without an enhanced cage. 
Owing to this large variety, a common simplified distinction is drawn between 
intensive and extensive production. Intensive production is an agricultural 
production system which is not land bound, meaning that the required crops for 











relative high input per hectare of materials such as pesticides, antibiotics, fertilizer 
and water. On the other hand, intensive production has a high yield per hectare or 
animal. Intensive livestock production is associated with industrial or conventional 
farming. Extensive farming means that all or a large part of the feed crops are 
cultivated on the same farm; the input of materials is relatively low compared to 
intensive farming, as is usually its yield. Extensive farming usually entails the non-
conventional management types such as ecological and organic. In 2004 2.5 
percent of livestock farms in the Netherlands were classified as ecological or 
organic (Statistics Netherlands, 2009). In this thesis we focus preliminarily on 
intensive farming.2 This includes conventional dairy farming. Although dairy farming 
in the Netherlands uses grassland, a large part of the fodder required is purchased 
and significant amounts of fertilizer and antibiotics are used. 
1.5. Environmental issues related to animal source food production 
Numerous environmental impacts are directly or indirectly related to animal source 
food production. In addition to its consumption of finite natural resources, animal 
source food production contributes to climate change by emitting greenhouse 
gases; eutrophication through the loss of nutrients; acidification by emitting NHx; 
pollution through the use of pesticides, antibiotics and herbicides; loss of 
biodiversity through deforestation, pollution and monoculture agriculture; and 
various other kinds of environmental degradation of air, land and water. 
Furthermore, the environmental impact of livestock production can have effects at 
different levels: local, regional and global. Climate change affects the entire world 
while eutrophication has an effect at a local or regional level. Because animal 
source food production has an impact on almost all aspects of the environment 
(Steinfeld, 2006), a large number of indicators are required to monitor all these 
aspects. These indicators generate large amounts of data that often provide no 
additional information on environmental sustainability (Gerbens, 2003). Food 
production requires three essential finite natural resources: arable land, fresh water 
and energy. Therefore, Gerbens (2003) proposed using three global environmental 
performance indicators – energy use, land use and water use – to understand 
environmental impacts and interactions with the food production system (Gerbens, 
2003). Furthermore, energy use, land use and water use are closely related to the 
most important environmental problems.  
The use of energy from fossil fuels is the most important source of anthropogenic 
greenhouse gases. Greenhouse gases such as carbon dioxide (CO2), nitrous oxide 
(N2O) and methane (CH4) contribute to climate change, currently perceived as the 
most important environmental problem. 
Agriculture accounts for the largest proportion of human land use, seventy percent 
of which is required by livestock, or in other words thirty percent of the land surface 
of the Earth (Steinfeld, 2006). Furthermore, food production has to compete for 
land with other anthropogenic land users such as urban expansion. This limits the 
available arable land. Therefore, in the near future more food has to be produced 
on less available land. Already, the land required for animal source food production 
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is a key factor in environmental problems. For instance, land degradation such as 
deforestation, desiccation and soil loss, has been directly linked to the land 
required for animal source food production (Steinfeld, 2006).  
Freshwater is scarce in many world regions, therefore, to serve the water needs of 
a growing world population with a diminishing freshwater supply is a major 
challenge for the coming century (Rosegrant, 2002). Agriculture is the largest 
consumer of fresh water (Turner, 2004). The animal source food production system 
uses water for drinking and servicing the animals, irrigation of crops and for 
production processes. Reducing the use of the natural resources required for 
livestock production will have a positive effect on most environmental impacts – 
local, regional or global – related to animal source food production. According to 
the FAO ‘responsible management of natural resources is the key to attaining 
sustainable agricultural and rural development’ (Steinfeld, 2006). 
1.6. Natural resource use 
The animal source food production system requires direct or indirect natural 
resources such as energy, water and land. Although all production steps require 
natural resources, their respective shares differ greatly. For instance, food 
processing plants require land for buildings. Due to the large amount of animal 
source food products processed and their relatively small footprint, the contribution 
of food processing plants to the total land use is negligible. Figure 1.2 shows the 
significance of energy, land and water to each production step. In this thesis the 
focus is predominantly on energy and land use.  
 
 
Figure  1.2 Inventory of the production steps within the animal source food 



















1.7. Scope of the thesis 
Human activities generally require natural resources to meet their needs. 
Production of animal source food is not an exception. The analysis in the preceding 
sections shows the following:  
• Land, water and energy are the primary inputs for animal source food 
production and the use of these resources generates all kinds of 
environmental impacts  
• Current and future developments in food demand require more natural 
resources while simultaneously stretching the environmental capacity of 
the planet to its limits 
Therefore, in terms of sustainability and equity to current and future societies, the 
natural resource requirements of animal source food production have to be 
reduced. One possibility is to reduce the current heavy animal source food 
consumption in Western societies to subsistence levels. Owing to low consumer 
willingness, the reduction of consumption for environmental reasons is, however, 
limited (Hoogland, 2006). Furthermore, the financial and political interests of animal 
source food production are tremendous. This makes an imposed reduction unlikely. 
An under-explored option is the possibility of optimizing the natural resource use of 
the animal source food production system.  
 
This thesis aims at providing options for reduction of the consumption of natural 
resources by animal source food production and consumption. To formulate 
options for reducing the natural resource use of animal source food production 
systems, insight into how these systems function and knowledge of their natural 
resource use is required. The research goals of the thesis originate from this 
understanding. 
 
 To gain insight into the natural resource use of animal source food 
production systems. 
 
 To identify possibilities and options to reduce the natural resource use of 
animal source food production. 
 
Assessing all the animal source food production systems in the world is not 
possible, owing to time and data availability constraints. It is also not necessary for 
understanding reduction options and their implications. All animal source food 
production systems require the same commodities, use roughly the same types of 
animals and function according to the same principle – the conversion of vegetable 
products into livestock. Therefore, this thesis uses the Dutch animal source food 
production system as a case study. The computer model MODIAS (Elferink, 2009) 
was developed to determine natural resource use and to assess reduction options. 
The findings of this thesis can be used to determine the effect of transitions in 
population size, population composition, economic growth and changing diets on 
the environmental impact of animal source food production and consumption. 
Furthermore, the findings can be used to analyse criteria for a more 




1.8. Structure of the thesis 
The land requirements of beef, chicken and pork are determined in Chapter 2. 
Furthermore, the effect of system changes on the land requirement for meat is 
analyzed. The various factors that affect land requirements for meat production are 
identified. 
 
Chapter 3 analyses the energy use in the animal source food production systems 
for chicken, pork, eggs and milk. Results are compared on the basis of fresh weight 
and on their nutritional value as protein sources. The chapter identifies multiple 
options for reducing the energy use of animal source food products.  
 
A case study of how a change in policy (the banning of meat and bone meal in feed 
as a result of BSE) can affect the environmental impact of animal source food 
production is presented in Chapter 4. It also shows the global scale of the animal 
source food system and the trade-offs that can occur.  
 
The relationship between food consumption and the availability of human-inedible 
residues, feed composition and the environmental impact of meat is analysed in 
Chapter 5. This chapter shows the possible effect dietary changes can have on the 
environmental impact of meat.  
 
Chapter 6 compares organic and industrial pork production with respect to their 
natural resource use for different system settings. This chapter shows the factors 
that determine the natural resource use of feed. 
 
Finally, Chapter 7 provides an overview of the natural resource use of the various 
animal source food production systems. It discusses the various reduction options 





2. Variations in land requirements for meat 
production* 
Abstract 
Production of meat requires substantial amounts of feed crops which in turn require 
vast amounts of land. Future population growth and increase in consumption will 
raise the demand for meat and with it the land required for meat production. This 
paper analyses the various factors that affect land requirements for meat 
production. Meat production by Dutch broilers, pigs and beef cattle on their current 
feeds are compared and options for change are evaluated with respect to their 
nutritional needs. Differences in land requirements of a factor of three were found 
between different agricultural production systems and feeds as well as between 
types of livestock. It is shown that broilers have the lowest land requirement while 
beef cattle have the highest. The variation in feed crop yields between agricultural 
systems is discussed. It is concluded that due to the large variation within the 
system there is potential for reduction in the land requirement for meat products.  
 
Keywords: Land requirement; Animal production; Livestock; Feed crops; Meat 
 
2.1. Introduction  
Various studies to the environmental impact of food production have been 
published in the last decade (Bouma, 1998; Bradford, 1999; Gilland, 2002; Mitchell, 
1997; Penning de Vries, 1995; Wirsenius, 2003). They show that production and 
consumption of food causes a variety of environmental impacts e.g. degradation of 
land, use of natural resources, loss of biodiversity and emission of greenhouse 
gasses. Results show that especially the production of meat has compared to the 
production of vegetables and staple crops a much higher impact on the 
environment. Research has been done to lower the environmental impact of food 
consumption by adapting the menu (Gerbens-Leenes, 2001; Gerbens-Leenes, 
2002).  Based on these studies one can conclude that a shift to a menu with less 
meat is a good option for reducing the environmental impact of food consumption. 
Eating meat is, however, not just seen by consumers as a means to fulfil nutritional 
requirements. Social influences, moral aspects, consumer attitudes, food 
characteristics and economic incentives determine largely if consumers consume 
meat or not (Berndsen, 2004; Berndsen, 2005; Hoogland, 2005; Kenyon, 1998; 
Lea, 2001; Povey, 2001; Santos, 1996). Mentioned influences make that 
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consumers do not easily reduce or replace meat for an environmental friendly 
alternative. 
Another option to reduce the environmental impact of food is to change the system 
in which meat is produced. Changing the production system will, however, affect 
different environmental themes. Assessing the effect of system changes on all 
environmental themes will lead to trade-offs (Nonhebel, 2004). Taking all trade-offs 
into account will make the analysis too complex. Therefore, we will focus on one 
environmental theme. Of all natural resources used and environmental impacts 
generated the production of food has the largest impact on land quality and 
quantity. Currently 40% of the land on earth is used for food production (Nonhebel, 
2005). The use of land for food production leads to all types of environmental 
degradation, e.g. deforestation, loss of biodiversity and desiccation. Production of 
animal source foods require substantial amounts of feed crops which in turn require 
large areas of land. It is estimated that over 60% of the arable land is used for the 
production of animal feed sources. Projections made by the International Food 
Policy Research Institute (Delgado, 1999) and the Food and Agricultural 
Organisation of the United Nations (FAO) (FAO, 2003) show an approximate global 
doubling of the demand for animal source foods in the period 2000-2020 due to 
population growth and increase in consumption in developing countries. Doubling 
of the animal production would imply a doubling of the land required for feed crop 
production. However, high-quality arable land is becoming scarcer due to ongoing 
industrialization, urbanization, infrastructural development and desertification 
(Oldeman, 1999). On a global scale, doubling the land required for feed production 
is not possible simply because good agricultural soils are lacking (Kendall, 1994). 
This forthcoming shortage of land makes it interesting to evaluate first of all if land 
requirement for meat production can be reduced by changing the production 
system.  
This paper analyses the various factors that affect land requirements for meat 
production in detail, taking into account the animal species, their nutritional 
requirements, the nutritive value of feed ingredients and the yield of feed 
ingredients. This is done for the present situation in the Netherlands and results of 
this analysis provide answers to questions like: what is currently the land 
requirement for Dutch meat products, which factors influence the land requirement 
of meat? The method applied in this study is subsequently used to identify the 
effect of system changes on the land requirements for meat. So next to the present 
Dutch situation also the effect of changes in the land of origin of feed ingredients 
and the use of individual feed crops on the land requirement are analyzed. Results 
from this analysis provide answers to questions as which factors influence the land 
requirements of meat most and what is the possible variation within the land 
requirement? 
2.2. System description 
Agricultural systems around the world differ in that they produce different crops and 
livestock species using various production techniques. This paper focuses on the 
present Dutch system as an interesting case study. Although, the Dutch system is 
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quite extreme in some context, it can be compared with other western countries or 
regions that import large quantities of feed ingredients. A description of the Dutch 
system is given first.  
 
The Netherlands ranks third in the list of countries exporting agricultural 
commodities in the world (FAOSTAT). Although it has the highest yield per ha in 
the world for certain agricultural commodities, the only 2 million ha of agricultural 
land available in the Netherlands does not justify this position. This is mainly due to 
the fact that large quantities of agricultural products (e.g. soybeans, tapioca) are 
imported and processed in the Netherlands into agricultural commodities (e.g. 
meat). A large part of the agricultural products imported are used for intensive 
livestock production, which is a relatively large sector in the Netherlands. In 2002, 
around 4 million cattle, 11 million pigs, over 100 million chickens and 5 million other 
livestock (horses, sheep, rabbits, turkeys, ducks etc.) produced 3 billion kg of meat, 
over 10 billion eggs and 11 billion kg of milk. The national consumption was 1.4 
billion kg of meat (47% of production), 3 billion eggs (30% of production) and 7 
billion kg of milk (63% of production), while the remainder was exported (LEI/CBS, 
2003). Livestock farming in the Netherlands is mainly intensive, i.e. not land bound, 
meaning that the required crops for feed are not grown on the own farm. In practice, 
livestock is fed with concentrates purchased from the livestock feed industry. The 
feed industry formulates concentrates on the basis of least cost. By using the world 
market as a ‘shopping mall’ it is possible to obtain feed ingredients with the best 
price quality property. The feedstock obtained from the world market, includes 
crops (wheat, maize, soybeans, cassava, etc.) but also by-products from the food 
industry (oilseed cakes, molasses, potato peels, etc.). Although different feed 
ingredients are used, the livestock feed industry is able to supply concentrates with 
a constant nutritive value and feed composition. These balanced concentrates are 
possible by adding amino-acids, minerals and trace elements to the mixture of feed 
ingredients. The variation in feedstock and synthesised feed ingredients makes it 
possible to produce a large variety of concentrates based on the nutritional 
requirements of the life stages of an animal species.  
2.3. Method  
Three species of livestock are evaluated in this research for determining the 
current land requirement of meat: broilers, pigs and beef cattle kept in the 
Netherlands. These animals produce approximately 90% of all meat produced in 
the Netherlands (LEI/CBS, 2003). Figure 2.1 shows schematically the method used 
in this study for determining the land required to produce the feed ingredients for 
meat. Meat products can be obtained from pigs, beef cattle or broilers. Livestock 
needs feed to grow. Different ingredients are used to produce feed. These 
ingredients originate from different countries with different yields. Through 
combining data on feed composition and country of origin the land required to 
produce one kilogram of meat can be calculated. This method is described in more 
detail in the following paragraphs. The method is subsequently used to analyze the 





Figure  2.1 Diagram of method used for determining the land requirements for meat 
production 
2.4. Determining land requirements of meat  
Meat to livestock conversion 
Only part of an animal is suitable for human consumption. Head, skin, legs to first 
limb, heart, lungs, liver, intestines and blood are removed in the slaughter process. 
This implies also that for the production of one kilogram consumable meat more 
than one kilogram of animal has to be raised. The consumable fraction is called the 
dressing factor. A high dressing factor means that a large part of the animal can be 
consumed. Different types of livestock have different dressing factors. Dressing 
factors used in this study are given in table 2.1. The dressing factor used here for 
pigs is based on a live weight of 110 kg, for beef cattle it is based on first quality 
bulls(LEI/CBS, 2003), while for broilers it is based on the live weight and slaughter 
weight as given by (Snoek, 2000). Pigs have the highest dressing factor 0.81, 
followed by chickens with a dressing factor of 0.75, while beef cattle have a 
substantially lower dressing factor, 0.59, and therefore yield less meat per kilogram 
live weight.  
 
Livestock to feed conversion 
Livestock need feed to grow. The amount and quality of feed differs per type of 
livestock and per life phase of the animal. Often the amount of feed needed to gain 
a kilogram of weight is expressed in the so-called feed to gain ratio. The feed to 
gain ratio can be expressed in different units. Goodland (1997), Gilland (2002), 
Brown (1994), Bradford (1999) and Keyzer (2005) give the amount of feed 
consumed by animals in grain equivalents. Other studies refer to the actual amount 
of feed consumed by livestock (Cederberg, 2000; van der Werf, 2005; Zhu, 2004) 
or use the amount of nutritional energy in calories or MJ to express the feed need 
per unit of product (Eriksson, 2004). In the Netherlands the Dutch Central Bureau 
for Livestock Feeding, CVB, determines nutritional values of feed and feed 
ingredients for livestock kept in the Netherlands. This nutritive value quantifies the 
nutritional content of a feed. This value depends on the quantity of the feed 
digested and absorbed and the amount of essential nutrients (protein, fat, 
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Livestock Feeding, 2003). The nutritive values of the feed ingredients used in this 
study are extracted from the feed tables of the CVB (Dutch Central Bureau for 
Livestock Feeding, 2003). The contribution of each feed ingredient to the total 
nutritive value of the feed depends on the share and the nutritive value of the feed 
ingredient.  
The nutritive value differs per feed and the nutritive value of a feed is different for 
each animal species. Therefore, the CVB developed a different scale for each 
animal species to express the nutritive value. The nutritive value for beef cattle is 
expressed as VEVI (Voeder Eenheid Vleesvee Intensief; feeding unit beef cattle 
intensive), for broilers as the term OEslk (Omzetbare Energie slachtkuikens; 
convertible energy broilers) and for pigs as the term EW (Energie Waarde; energy 
value pigs) (Dutch Central Bureau for Livestock Feeding, 2003). The dimension of 
the nutritive values differs as well. Concentrates for beef cattle, for instance, have a 
nutritive value of on average 1000 VEVI/ kg while pigs consume concentrates with 
an average of 1.0 EW/kg. Broilers consume concentrates with a nutritive value 
between 11.5 and 12.7 OEslk/kg (Dutch Central Bureau for Livestock Feeding, 
2003).  
Table 2.1 gives the feed to gain ratio for the livestock studied. On average, pigs 
need 3.0 EW / kg weight gain, broilers need 25.1 Oeslk / kg weight gain and beef 
cattle need 5950 VEVI / kg weight gain.  
 
Table  2.1 The feed to gain ratio and dressing factor for livestock in the Netherlands 
Livestock Pig Broiler Bull 
Dressing factor 0.81 0.75 0.59 
Feed to gain ratio1  3.0 25.1 5950 
1 The feed to gain ratio is given for pigs in EW/ kg live weight, for broilers in OEslk/ 
kg live weight and for beef cattle in VEVI/ kg live weight. 
Source: (LEI/CBS, 2003; Dutch Central Bureau for Livestock Feeding, 2003) 
 
Feed to feed ingredients conversion 
Livestock feed is produced out of different feed ingredients. Feed ingredients used 
in feed can be whole crops e.g. wheat, maize, peas, soybeans, or by-products from 
processed food crops e.g. pulp, scrap, milling products. These feed ingredients 
differ in nutrition requirements. Feeds, however, have a rather fixed and balanced 
nutrition. A balanced nutrition is essential for livestock to grow and function 
optimally. The nutritional requirement of livestock exists out of energy, (essential) 
amino-acids, carbohydrates, lipids, macro minerals, vitamins and trace elements. 
Mentioned components should all be present in feed. Livestock species in the 
Netherlands consume different types of feeds composed of different feed 
ingredients. To gain an indication, the feed composition of livestock is based on the 
total of feed ingredients consumed by a livestock species within one year in the 
Netherlands (Brouwer, 1999). This includes the feeds of animals of different age, 
e.g. piglets vs. pigs and animals that have different functions within the livestock 
production system, e.g. sows vs. fattener pigs. Therefore, the feed composition 
used in this study is the average feed composition for a livestock species. In 
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practice the feed composition of a single animal will be different from the feed 
composition used here and consequently the land requirement.  
The nutritive values of the feed ingredients used in this study are extracted from 
the feed tables of the CVB (Dutch Central Bureau for Livestock Feeding, 2003). 
The contribution of each feed ingredient to the total nutritive value of the feed 
depends on the amount of the feed ingredient fed and the nutritive value of the 
feed ingredient. Therefore, a feed ingredient with a below average nutritive value 
does not contribute as much to the feed as it would have done on the basis of its 
weight share. 
 
Feed ingredient to land requirement conversion 
Feed ingredients used in feed differ in land requirements due to different yields per 
ha. Yield differences among feed ingredients are due to several factors. First of all 
feed ingredients originate from different crops which have different yields, e.g. 
potatoes yield on average more than beans. Secondly yields of the same crop 
differ due to growth circumstances e.g. climatologic condition and availability of 
nutrients. Growth circumstances differ on different levels of scale e.g. field, farm, 
region, country, etc.. All feed ingredients are, however, collected at transhipment 
points within countries before they are distributed abroad. Field, farm and regional 
differences are diluted at transhipment points, therefore, average crop yields of 
countries are used. Thirdly the yields of feed ingredients differ because sometimes 
only a part of the harvested material is used as a feed ingredient. This study made, 
therefore, a distinction in the type of feed ingredient. We distinguished: whole feed 
crops, by-products and waste-stream. Whole feed crops are cultivated solely for 
the use as a feed ingredient. By-products originate from processing food crops in 
food products. Waste-streams originate from by-products that have been 
processed to produce food products once more or they are food products not 
suitable anymore for human consumption. 
Knowing the factors that induce yield differences among feed ingredients the 
following approach is used to determine the average yield of feed ingredients used 
in the Netherlands. In this study yields are based on the share of a country to the 
total amount of the feed ingredient and the yield of that country. Therefore, for each 
feed ingredient the amount produced in the Netherlands and the amount produced 
abroad is determined on the basis of production statistics for feed (Productschap 
Diervoeder (PDV), 2005; Statistics Netherlands (CBS), 2005). Import statistics for 
the Netherlands were, subsequently, used to determine for each country the 
contribution to a feed ingredient (Statistics Netherlands (CBS), 2005). The import 
statistics show for large amounts of a feed ingredient the actual countries of origin 
e.g. France or Brazil. However, for smaller amounts only the region of origin is 
known e.g. European Union or Africa. Depending on the data availability 2, 3 or 4 
year import averages were used all within the period 2000-2004. By-products 
produced in the Netherlands can, however, originate from food crops cultivated in 
the Netherlands or abroad. Therefore, for determining the origin of by-products the 
origin of the food crops used are determined. The contribution of each country to 
the food crop used to produce the by-product is determined by use of production 
statistics and food crop import statistics (Productschap Diervoeder (PDV), 2005; 
Statistics Netherlands (CBS), 2005; Productschap Margarine Vetten en Oliën. 
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Productschap MVO, 2000). Subsequently the country specific yields were 
determined for each country that contributes to Dutch feed manufacturing. For 
whole feed crops the corresponding yields of a country or region were taken from 
the agricultural statistical database of the FAO (FAOSTAT). The average yield 
during the period 2000 to 2004 is used to prevent errors due to differences in yields 
between different years. For by-products the yield of the original food crop is 
determined in the same way. The yield of the food crop is, however, allocated on a 
mass base for obtaining the yield of the by-product used as a feed ingredient 
(Proce, 1986). Waste-streams were assigned no own yield. Instead the land 
requirement of beef, chicken or pork will be corrected by a factor that represents 
the nutritional share of waste-streams in the livestock feed. The sum of all 
countries results in the total yield for a feed ingredient used in the Netherlands The 
inverse of the yield is taken for obtaining the Square Meter per Feed Ingredient 
(SMFI). 
Moisture contents of feed ingredients differ between harvesting and actual feeding 
due to drying and the processing of crops and feed ingredients. To compare the 
SMFI with the nutritive value of the feed ingredient the dry matter content needs to 
be equal. Therefore, the SMFI and the nutritive value of the feed ingredients are 
converted to a base of 100% dry matter content, where 100% dry matter content 
refers to the moisture-free basis. Dry matter contents of the crops studied were 
obtained from Goudriaan (2001) and Purseglove (1975). Dry matter contents of the 
feed ingredients were obtained from the feed tables of the CVB (Dutch Central 
Bureau for Livestock Feeding (CVB), 2003). 
Determining the land requirement of Dutch meat  
The amount of feed ingredients consumed, the land required per feed ingredient 
(SMFI), the nutritive value, the feed to gain ratio and the dressing factor are known. 
By use of the following equation it is possible to calculate the actual land 
requirement for the production of one kilogram of meat produced from the animal 
species bull, broiler and pig in the Netherlands. 



























where Lx is the average land requirement (m2/kg) per meat type x; Li the land 
required (m2/kg) per feed ingredient i; FR the feed to gain ratio for animal species y 
(VEVI/kg, EW/kg, OEslk/kg); Ni,y the nutritive value of feed ingredient i ( VEVI, EW, 
OEslk) for animal species y; DFy the dressing factor of animal species y; Mi,y the 
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amount of feed ingredient i consumed by animal species y. Ntot,y the total nutritive 
value of all the feed ingredients consumed by animal species y.  
2.5. The effect of system changes on the land required for meat production 
The method described in the previous paragraphs is used to determine the land 
requirement for meat for the current Dutch livestock production system. The 
system can, however, change due to various incentives. Therefore, this study 
identified the effect of system changes on the land requirements for meat. So next 
to the present Dutch situation also the effect of changes in the land of origin of feed 
ingredients and the use of single feed crops on the land requirement are analyzed. 
 
Changing the land of origin for feed ingredients 
Countries differ substantially in average yield for a specific crop due to different 
agricultural production techniques e.g. extensive vs intensive and climate 
differences. A change in the purchase behaviour of the feed industry for feed 
ingredients from high yielding countries to low yielding countries or vice versa can 
lead to an alteration in the land requirement for meat. To explore the extremities of 
such an alteration the method described in the previous paragraphs is used. 
However, instead of determining the yield of a feed ingredient on the basis of all 
contributing countries the country with the highest yield (HYC) and the world 
average yield (WAY) for that feed ingredient are used (FAOSTAT).  
 
Substituting livestock feed for single feed crops  
The feed of livestock exists out of different feed ingredients. The choice for a feed 
ingredient is based largely on least cost and not on the nutritive quality of the 
ingredient. As explained this is possible due to the availability of synthesised 
macro- and micro-nutrients. The number of combinations of feed ingredients to 
form a suitable feed is because of that infinite. To find out what the effect of a 
change in livestock feed can be on the land requirements of meat a simplified 
approach is used, single feed crops are used to represent livestock feed. The feed 
crops wheat, barley, maize, soybeans, rapeseed, cassava and peas are selected. 
The land requirement of meat on a single feed crop is determined by use of the 
SMFI based on Current Country Yield (CCY) which is the SMFI of the feed 
ingredients based on all contributing countries. 
2.6. Results  
The feed ingredients used in the Netherlands to produce concentrates for livestock 
are shown in table 2.2. The SMFI based on World Average Yield (WAY), Highest 
Yielding Country (HYC) and Current Country Yield (CCY) is shown. Large 
differences are found between feed ingredients. For instance, the SMFI based on 
CCY for dried sugar beet pulp, 0.67 m2/kg, differs a factor of 22 with beans, 15.74 
m2/kg. Table 2.2 also shows the amount of each feed ingredient consumed in one 
year by a livestock species and the nutritive values of the feed ingredients for each 
livestock using the scales developed by the Dutch Central Bureau for Livestock 
Feeding (CVB). 
The nutritive values differ per feed ingredient and per livestock species. Maize, for 
instance, with a nutritive value of 11.63 OEslk, is a feed ingredient with a high 
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nutritive value for broilers. On the other hand, maize is an intermediate feed 
ingredient for pigs with a nutritive value of 1.06 EW and for beef cattle with a 
nutritive value of 1073 VEVI. Rapeseed is the most nutritive feed ingredient 
available for pigs, 1.42 EW, and for beef cattle, 1963 VEVI. Sunflower scrap, on the 
other hand, is for all livestock species the feed ingredient with the lowest nutritive 
value. The nutritive values of the waste-streams differ largely between the livestock 
species. This is due to the different types of waste-streams consumed by the 
animals.  
The amount of a feed ingredient consumed differs between animal species. Beef 
cattle, for instance, consume large amounts of by-products (e.g. by-products from 
oil production, by-products from starch production) and hardly any whole crops (e.g. 
feed grains, pulses and oil seeds) or waste-streams. Broilers, on the other hand, 
consume relatively large amounts of feed grains and waste-streams but with the 
exception of soybean scrap hardly any by-products. Pigs consume nearly 
everything but rapeseed.  
The land requirement for meat production is calculated by applying equations 1 to 
the data in table 2.2. For instance, the feed ingredient wheat has a land 
requirement of 1.51 m2/kg on CCY based SMFI. The feed to gain ratio for broilers 
is 25.1 OEslk / kg live weight and the dressing factor for broilers is 0.75. Broilers 
consume 582 kton/wheat with a nutritive value of 10.48 OEslk/kg wheat. The total 
nutritive value of all the feed ingredients consumed by broilers is 17 441*106 OEslk. 
The sum of all the feed ingredients gives the land required to produce a kilogram of 
chicken, 5.9 m2/kg chicken. This land requirement does, however, not incorporate 
land for waste-streams. Therefore, the land requirement is corrected as indicated in 
the method. Correcting the land requirement for the share of waste-streams in 
broiler feed, 23%, gives a land requirement of 7.7 m2/kg chicken.  
Figure 2.2 shows the land requirements for all animal species studied for the 
different SMFI values. On CCY based SMFI values chicken has the lowest land 
requirement, 7.7 m2/kg. Beef on the other hand has with 29.0 m2/kg a land 
requirement that is almost four times as high. Pork has a land requirement of 10.3 
m2/kg. When the CCY based SMFI values are substituted with the SMFI values 
based on HYC and WAY the land requirement for pork respectively drops 17% to 
8.5 m2/kg and increases 64% to 16.9 m2/kg. For chicken the land requirements 
drops 14% to 6.6 m2/kg and increases 77% to 13.6 m2/kg. The land requirement of 
beef drops with 18% to 23.7 m2/kg relatively the most of all animal species studied 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure  2.2 Land requirements for the production of Dutch meat on beef cattle, 
broilers and pigs based on current feed composition and yield, the highest yielding 
country and world average yields 
The land requirements for meat for feeds substituted with single feed crops are 
shown in figure 2.3. Cassava has the lowest land requirement of all livestock 
species while a feed based on soybeans has the highest land requirement. The 
relative increase in land requirement differs, however, between livestock species. 
Broilers, for instance, have a land requirement of 3.4 m2/kg for cassava and 13.5 
m2/kg for soybeans a difference of 300%. Beef cattle on the other hand have a land 
requirement of 11.5 m2/kg for cassava and 32.9 m2/kg for soybeans a difference of 
185%. This is due to the different nutritive value of the feed ingredient for different 
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Figure  2.3 Land requirements for the production of Dutch meat on beef cattle, 
broilers and pigs based on single crop feeds and current yields 
Barl. = Barley, Soyb. = Soybeans, Rape. = Rapeseed, Cass. = Cassava. 
2.7. Discussion 
Causes of land requirement differences 
As shown in table 2.2 the different feed ingredients consumed by livestock differ in 
nutritive values and yields. The maximum difference in nutritive value between feed 
ingredients is a factor of 3 while yields differ by a factor of 22. In terms of land 
requirements, therefore, the yield of a feed crop is more important than its nutritive 
value. Yields, however, differ per country due to differences in agricultural systems. 
Analyses based solely on current yields can be biased because the comparison is 
not only on the feed ingredients in the feed but also on the agricultural systems in 
which they are cultivated. For instance, wheat produced in the current production 
areas requires 1.5 m2/kg wheat, which is comparable with high production areas, 
1.4 m2/kg, but is a factor of 3 lower than the world average, 4.2 m2/kg. For lupines it 
is the opposite, yields from current production areas result in 10.3 m2/kg which is 
higher than the 9.4 m2/kg for the world average. Wheat currently used in the 
Netherlands is thus mainly originating from high yielding countries while lupines 
originate from low yielding countries. This means that if feed ingredients are 
obtained from other countries the results can be completely different as is indicated 
in figure 2.3. The incentive to purchase from a specific country only needs to 
change to cause an alteration in the land requirement for meat. For instance, the 
current land requirement for pork is 10.3 m2/kg. If the feed ingredients would be 
purchased from countries with the highest yields or countries with world average 
yields, land requirements for pork would respectively decrease to 8.5 m2/kg and 
increase to 16.9 m2/kg a difference of a factor two.  
Differences in land requirement between beef cattle, pigs and broilers are due to 
differences in feed composition and physiological differences. The feed of broilers, 
for instance, exists largely out of feed grains, 47%, which have a relatively low land 






















amounts of by-products from vegetable oil production, 32%, which have a high land 
requirement and a low nutritive value. On their current feeds beef cattle have a 
land requirement that is a factor 3.7 higher than chicken. The differences between 
beef cattle and chicken on single crop based feeds vary between a factor of 1.8 
and 3.4 with a weighted difference of a factor 2.8. This means that beef cattle are 
currently fed a feed that has an unfavourable land requirement. The large variation 
among single crop based feeds is because feed ingredients have a different 
nutritive value for each livestock species due to physiological differences. These 
physiological differences will remain. Pigs will never be able to eat grass, and the 
high dressing percentage of chicken is due to their relative small size in 
comparison with pigs and cows. 
 
Dutch system compared to other systems 
Data with respect to feed to gain ratio, the nutritive value and the dressing factor 
used in this analysis are obtained from the Dutch production systems. In other 
systems these data may deviate from what is found in this analysis leading to other 
land requirement values for meat. For instance, the dressing factor of the 
intermediate beef cattle species evaluated in this study is 0.59 while for double-
muscled beef cattle species the dressing factor is approximately 0.80 (Fiems, 
2002). In organic agricultural systems livestock has a longer lifespan and more 
freedom of activity resulting in a higher feed to gain ratio. In systems where 
livestock is kept in grazing herds the animals require more nutritional energy 
because of the extra effort of grazing. Production systems differ proportionally in 
land requirement. However, due to the similar physiology of crops and livestock it 
can be expected that the variation in the Dutch livestock production system can be 
found in other production systems as well. In a less intensive system beef cattle 
can have a higher land requirement. However, broilers will have a higher land 
requirement as well in such a system. 
 
Options for reducing land requirement of meat 
Studies (Bouma, 1998; Bradford,1999; Gilland, 2002; Mitchell, 1997; Penning de 
Vries, 1995; Gerbens-Leenes, 2001; Gerbens-Leenes, 2002) showed that a 
change in human diet to a more luxurious one and an increase in population imply 
an increase in the land required for food. Although this study endorses these 
findings the effect of mentioned changes on the land requirements for food 
consumption can partly be diminished. We recognize three options to reduce land 
requirements of luxurious meat based diets. The first option is a shift to a more 
vegetarian diet as analysed by some studies. The second option is to consume 
meat with a relatively low land requirement e.g. chicken in this study. The third 
option is to optimize the feed composition of livestock.  
Reducing the environmental impact of food by a dietary change, options one and 
two, is restricted largely to consumer’s willingness to change their behaviour. S. 
Nonhebel et al. (2001) found that non-vegetarian households are reluctant to 
decrease meat consumption for environmental reasons. Therefore, it can be 
expected that a change to a vegetarian diet for environmental concerns is 
restricted to a limited group of consumers. The second option consuming meat 
from animal races with the highest return that is with the best combination of 
dressing factor and feed to gain ratio will be easier to enforce. This is because a 
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dietary change to a more sustainable meat will be acceptable for a larger group of 
consumers. However, a change to, for instance, pork will not be acceptable for 
several religious groups. 
The third option, optimize the feed composition of livestock by use of the 
possibilities the livestock production system provides is not subjected to 
behavioural change of consumers. The implementation of this option is, therefore, 
not limited by consumer’s behaviour. However, other actors e.g. farmers, feed 
manufactures and purchasers need to be persuade when the production system 
has to change. Feed manufactures, for instance, work on the basis of formulating 
least cost feeds. In principal the feed composition can, therefore, be influenced by 
the price of feed ingredients. This study showed that the livestock production 
system provides multiple possibilities to reduce land required for meat. One 
possibility is to use feed ingredients from high yielding countries. This is only 
possible until all feed ingredients of these countries are out of stock. The world 
demand for feed sources is, however, greater than the total production of the 
highest yielding countries. This approach will, therefore, only work if all countries 
increase their productivity. Another possibility is to use the feed ingredients with the 
lowest land requirements that is with the best combination of yield and nutritive 
value. For a feed composed out of a single crop this would be cassava. This does 
not mean, however, that for reducing land requirements of meat livestock needs 
only to be raised primarily on cassava. First of all, livestock will not be only fed 
cassava but a mixture of feed ingredients. Secondly, one of the reasons cassava 
has a low land requirement is that cassava can be harvested three times a year in 
the countries currently cultivating cassava due to the favourable climate. The 
region with such a climate will, however, not be large enough to supply all livestock 
in the world. All these possibilities imply that there are numerous options for 
reducing the present land requirements for meat production. 
 
Environmental impacts affected by system changes 
In this paper we showed that a large potential exists to reduce the land 
requirements of meat production. Changes in the feed composition and origin will, 
however, have an effect on other environmental themes as well. Crops, for 
instance, differ in the amount of water used, the amount of energy needed for 
cultivation and the amount of agro-chemicals required.  A shift to other feed crops 
will imply changes in these themes. Changes in feed composition have an effect on 
the nitrogen excretion, manure composition and gaseous emissions of livestock.  
Other production areas affect energy needed for transport. Changes in feed 
composition are not a solution to the overall environmental problem. This paper 
only shows that within the current feed composition of livestock there are options to 
improve the system 
2.8. Conclusion 
Large differences in land requirements for meat production were found between 
livestock species in the Netherlands. Beef cattle have the highest land requirement, 
29.0 m2/kg beef, while broilers have the lowest land requirement with 7.7 m2/kg 
chicken. Differences in land requirement for meat are due to different land 
requirements for the feeds fed and the livestock species used. Differences among 
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feeds are due to differences in yield and nutritive value of the feed ingredients used 
with the yield of a feed ingredient having the largest effect on the land requirements 
of the feed. Yield differences between countries or systems have, therefore, a large 
effect on the land requirements for meat. Calculated land requirements change on 
average by a factor of two between yields of high yielding countries and world 
average yields. Changes in feed composition can have an even larger effect, 
differences of a factor three were found. 
Differences between livestock are due to differences in the feed to gain ratio and 
the dressing factor with the feed to gain ratio having the largest effect on the land 
requirements for meat production. It was found that broilers have the lowest land 
requirements of the three livestock species evaluated in this research, closely 
followed by pigs. Beef cattle have currently a land requirement that is about a 
factor of 4 larger than that of broilers.  
The International Food Policy Research Institute and the FAO projected that the 
demand for animal source foods will double in the period 2000-2020. This study 
showed that the mentioned doubling not implies that the land requirement for meat 
has to double as well. Due to the large variation within the system there is potential 
for reduction of the land requirement for meat products. A choice can be made 
between the animal species, the feed composition and the country or system in 
which the feed crop is cultivated, but also a combination of these factors.  
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3. Variation in energy use of animal source 
foods* 
Abstract 
Food production requires a large part of the world’s energy supply. In particular the 
production of animal source foods put a large claim on energy use. Animal source 
foods are produced in quite different systems due to different production 
requirements. Consequently resource use differs per animal source food but also 
per production sector. In this paper, the production sectors of animal source foods 
are studied with a process analysis. Pork, chicken, eggs and milk produced in the 
Dutch intensive system are evaluated on energy use from production through 
consumption. Animal source foods are compared on fresh weight as well as on 
their protein basis. Differences between animal source foods are on a protein base 
small with chicken having the highest energy use while eggs have the lowest. 
However, results show large differences in energy use among the different sectors 
of the livestock production system studied. The results are discussed with respect 
to energy reduction options for the production sectors of each animal source food 
production system.  
 
Keywords: Animal source food production systems; Energy; System analysis.   
3.1. Introduction 
The use of fossil energy carriers is interrelated with climate change one of the most 
important environmental problems. Industrial food supply is with 20% of the fossil 
energy carriers in use an important energy consumer (Nonhebel, 2003). Therefore, 
energy efficiency improvements in food production and consumption can potentially 
contribute considerable to reduce fossil energy use. Research shows that the 
production of animal source food1 products, e.g. meat, milk and eggs, are the most 
energy intensive foods (Carlsson-Kanyama, 2003; Kramer, 1995). An often 
mentioned possibility to reduce the energy use of food production and consumption 
is, therefore, a change to a more vegetarian diet (Goodland, 1997; Carlsson-
Kanyama, 1998; Zhu, 2004). However, consumers prove to be very reluctant to 
discard the consumption of animal source foods (Nonhebel, 2001). In the short-
term consumption changes to a vegetarian diet are, therefore, not likely to occur. 
To reduce the energy use of food production in the near future other options need 
                                                          
*
 To be submitted 
1
 In this paper a distinction is made between food and feed. Foods are consumed 
by humans while feeds are consumed by livestock. Animal source foods are, 
therefore, foods of livestock origin e.g. meat, milk, eggs, and livestock/ animal feed 
are feed sources e.g. roughage, concentrates fed to livestock.  
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to be explored as well. Possible other energy reduction options are to consume the 
animal source foods with the lowest energy use and to improve the energy 
efficiency of the production system.  
 
A animal source food product is produced in a production system that exists of 
multiple production sectors (e.g. feed industry, food processing). Animal source 
foods are, however, produced in quite different production systems by different 
livestock. Livestock differs, for instance, in feed requirements but also the way they 
are kept and how their products are processed, stored and prepared. The same 
production sector for different animal source foods will, therefore, differ. With 
respect to livestock keeping, for instance, stables for chicken are heated while 
stables for dairy cattle are not heated at all. Differences between production 
sectors of animal source foods will result in different energy uses. Consequently 
the share of a production sector to the total energy use varies for each animal 
source food. Knowledge about the use of fossil energy carriers in the different 
animal source food production systems will increase the understanding on how to 
improve the energy efficiency of animal source foods. An analysis to the 
contribution of each production sector to the total energy use of a animal source 
food will show in which sector energy efficiency improvements have the largest 
effect. By doing so for multiple animal source foods produced and consumed in 
comparable modes of production such an analysis will also show if different animal 
source foods require different energy improvement strategies. Secondly the 
aggregated results of each analysis will show if there are large difference in energy 
use between animal source foods. These differences show the potential energy 
reduction of a shift to a diet with energy extensive animal source foods. This study 
examines the energy use in the animal source food production system of chicken, 
pork, eggs and milk in the Netherlands. 
3.2. Methods and materials  
Method and data collection 
We determined the energy use of animal source foods by applying an energy 
system analysis. The main purpose of an energy analysis is to quantify the energy 
use and to identify improvements to lower the energy use (Lensink, 2005). Animal 
source foods are produced in a food supply system that exists of multiple 
production sectors. The analysis includes, therefore, all phases of the production 
system. A bottom-up inventory is executed for each of the animal source foods 
studied showing the energy used in each phase. The descriptions of the animal 
source food production systems needed for such an inventory are based on 
literature and expert interviews. Data on energy use are acquired from literature, 
statistical yearbooks, online databases and specialist journals. The data is 
subsequently incorporated in a spreadsheet model which aggregates and allocates 
the acquired data.  
 
Animal source foods studied 
Animal source food production systems around the world differ in that they use 
different feed sources, livestock species and techniques for production, processing 
and preparation. In the Netherlands the main animal source foods produced are 
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pork, chicken (meat), (chicken) eggs, and (cow) milk (Statistics Netherlands (CBS), 
2005). For these products the main production mode in the Netherlands is 
conventional industrial production2 which has a high resource use. The energy 
required to produce animal source foods in these systems is determined.  
 
System boundaries and delimitations 
The energy analysis in this study deals with all phases of the production system 
from production through consumption. The cultivation of feed ingredients, the first 
production step in this study, can be everywhere in the world. The determined 
energy use in this analysis for cultivation corresponds with the country in which the 
majority of a feed ingredient is cultivated. The remaining production phases occur 
in the Netherlands. Our analyses include energy for transport up to the household 
level but also within production phases. 
The ERE values, Energy Required for Energy, for the energy carriers used to 
produce a animal source food is incorporated in the analysis (Wilting,1999). When 
it was not clear which energy carriers were used for the applications or the 
processes, it is assumed that for field activities and transport diesel is used, for 
heating natural gas and for lighting, cooling and ventilation electricity. Energy 
inputs from the sun or from labour are not taken into account. 
The energy needed to produce capital goods, e.g. machinery, and buildings, is not 
taken into account in this study. Mattsson (2006) showed that the contributions of 
the production of these capital goods allocated to food products are minor. Also not 
included in our analysis is the production of minor supplies, e.g. disinfectants and 
cleansers. 
 
Allocation of products 
Animal source foods are closely linked with the production of other foods and 
products. Concentrated feed, for instance, is made partially from by-products from 
the food processing industry (Nonhebel, 2003). Examples are the combined 
production of vegetable oil and meal from soybeans and the production of sugar, 
beet pulp and molasses from sugar beets. The environmental effects of cultivating 
and processing these crops have to be allocated over the products. When 
mentioned linkages occur in the systems studied the energy use is allocated on a 
mass ratio.  
Eggs and milk are produced in the Netherlands by specialized livestock. Dairy 
cattle, for instance, are breed for an optimal milk production. These livestock 
produce, however, also meat. In this study the energy use is not allocated between 
meat and milk because milk is the primary product. Secondly, dairy-cattle are after 
their final lactation period fattened to gain more weight (meat). The energy used in 
this fattening period and in the remainder of the dairy-cattle-meat producing system 
(slaughtering, processing and consuming) is not incorporated in this study and 
therefore the energy use till fattening is attributed only to the milk. The same 
approach is used for meat from egg producing chickens. 
 
                                                          
2
 Defined as production systems with an intensive production and corresponding 
high yield in which less than 10 percent of the feed is produced at the farm.  
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Representation of data 
Animal source foods are a part of the human diet providing essential micro and 
macronutrients but most of all animal source foods are a source of high quality 
dietary proteins (Bender, 1992; Bradford, 1999). According to Jongen (2001) 
animal source foods, meat and dairy products, are the most important source of 
proteins in the western diet. The Food and Agricultural Organization of the United 
Nations (FAO) and the World Health Organization (WHO) recommends consuming 
on average 50 grams of proteins a day per person (FAO, 1991). The Netherlands 
Nutrition Centre advises to consume vegetable and livestock based proteins in 
equal amounts (Voedingscentrum, 1998). Therefore, data in this paper is not only 
presented on a kilogram product base but also on the bases of the protein content.  
3.3. Inventory of energy use 
The complex system in which animal source foods are produced is simplified in this 
study. Figure 3.1 shows this simplified animal source food production system as 
analyzed in this study. Crops are grown (crop cultivation), processed into feed 
(feed production) which is fed to livestock at farms (livestock keeping). Livestock or 
their products are processed in the food processing industry and sold to consumers 
at retailers (food processing and trade). Finally consumers will prepare and 
consume the animal source foods (household handling). In this study transportation 
is evaluated as a separate sector. 
 
Figure  3.1 The production system of animal source foods, the related main energy 
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Crop cultivation 
The majority of the crops cultivated worldwide are used for feed purposes 
(Bradford et al. 1999). There are, however, different types of crops fed to livestock 
(Bradford, 1999; Bradford et al. 1999). We distinguished human inedible crops 
which are solely cultivated for feed purposes e.g. grasses and some grain varieties, 
and human edible crops e.g. wheat, soybeans and potatoes. Human edible crops 
can be eaten entirely by humans or parts may be used as feed e.g. rest-streams 
from the food industry. All types of feed crops mentioned are, however, cultivated 
and imported from all around the world. For instance, the Netherlands import large 
amounts of soybeans from Brazil and Argentina. Wheat is imported mainly from 
countries within the EU like France. Tapioca another major feed ingredient is 
imported from Indonesia and Thailand while for corn the USA is the major exporter 
to the Netherlands. The energy used for crop cultivation is based on the energy 
needed for field activities like ploughing and harvesting, and energy needed to 
produce the agro-chemicals applied on the field. Energy differences per crop are, 
therefore, due to the number and the type of field activities and the amount of 
agrochemicals used. Data on energy use for crop cultivation is based on the 
countries that cultivate the majority of a feed ingredient for the Dutch feed sector. 
 
Feed production 
Livestock consume feed to grow and to produce milk or eggs. Livestock differ, 
however, in their feeding requirements. Pigs, for instance, need more feed to gain 
a kilogram of weight than chicken. Livestock differ also in the amount and type of 
amino acids, vitamins and minerals needed for a healthy growth. Therefore, the 
composition of a feed and the combination of feeds fed are tailored per livestock 
type. The amount of feed needed to produce a kilogram of product is based on the 
total amount of feed consumed by a livestock during its life and its lifetime yield. 
Additionally also the feed consumed by (grand-) parents and by dropouts 3  is 
attributed to the animal source food. 
In this study we identify two types of livestock feed: concentrate feed and roughage 
feed. Concentrate feeds are a mixture of various feed ingredients. Concentrate 
feeds are the main feed source for pigs and poultry. Dairy cattle consume also 
concentrate feeds but up to a maximum of 40% of the total nutritive value in their 
diet (Centraal Veevoederbureau, 2003). The remainder of the feed requirement is 
filled up with roughage, e.g. fermented grass, fresh grass, fermented maize and 
hay. To determine the ratio of feed ingredients, and consequently the crops, used 
for each feed type the total yearly amount of feed ingredients is used. This ratio is 
determined for each feed and livestock type separately.  
Energy needed for feed production differs per feed types. Production of 
concentrate feed needs energy for drying and pressing the feed into pellets. 
Production of roughage feed requires considerable less energy because roughage 
feed hardly needs any additional processing after harvesting. For some types of 
roughage, e.g. fermented grass and maize, only some energy is required for 
handling and storing.  
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Livestock is bred, nursed, raised and utilized at the farms of the livestock sector. 
The livestock sectors in the Netherlands are stratified systems which are chains of 
specialized farms all taking care of one part of the livestock rearing. Pigs for 
instance are kept in a chain consisting out of a pedigree sector in which pure bred 
parent livestock are produced, a multiplier sector that uses the livestock of the 
pedigree sector to produce piglets and a fattener sector that fattens these piglets 
for pork. The number and type of farms differs per livestock type.  
Energy in the livestock sector is used for heating, lighting, ventilation, cooling and 
machinery. In the Netherlands gas is used for heating of buildings and water while 
for the remainder electricity is used. The energy used by all farms of the stratified 
system is attributed to the final food product. This includes the farms who are not 
directly keeping the food producing livestock such as pedigree farms and multiplier 
farms. Energy is also needed for drink-water purification and transportation. The 
total water consumed on farm for cleaning and drinking is determined and 
subsequently ascribed an energy use.  
 
Food processing and trade sector 
Livestock or their products are processed within the food processing sector into 
consumable products. Livestock are, for instance, slaughtered and subsequently 
the carcasses are cut-up into meat. After cut-up, approximately one-fifth of the 
meat is processed further into meat products (e.g. cold cuts, sausages) while the 
remainder goes directly to the retail sector (Productschappen Vee Vlees en Eieren 
(PVE), 2003). Whole milk is processed into all kinds of dairy products, like fresh 
milk, yoghurt and cheese. This study restricts itself to production of cut-up meat, 
pasteurised milk and whole eggs.  
Processing livestock into cut-up meat requires energy for slaughter processes, like 
cleaning the livestock, evisceration, singeing and cooling, cut-up processes, like 
cutting and packing, but also for improving working conditions, like lighting, 
ventilation and heating. The type and number of processes differ per livestock type 
(Ramirez Ramirez, 2005). Not all parts of the livestock, e.g. intestines, are suitable 
for consumption. These parts are rendered by the rendering industry into meat-
and-bone meal. The energy used for rendering is incorporated in the analysis. 
Pasteurised milk is produced out of whole milk through skimming, pasteurizing and 
cooling. Whole eggs need little processing, they are cleaned and packed.  
Energy is also used when products are stored cooled. Storing takes place at the 
processing industry, at wholesaler’s and at retailers, e.g. supermarkets. Meat and 
milk need to be kept cool while eggs can be kept on room temperature.  
  
Household handling 
The energy used for household handling refers to the energy used within Dutch 
households for storage, preparation and dishes. Meat, pork and chicken, is on 
average stored in the Netherlands for 1.8 months in a freezer and for 16 hours in a 
refrigerator (Brouwer, 1997). Pasteurized milk is stored in refrigerators for 3 days 
(estimated based on shelf life). Eggs are not stored cool. The energy used by 
freezers and refrigerators is based on present-day appliances, degree of 
penetration in Dutch households and the degree of utilization (EnergieNed, 2002; 
EnergieNed, 2001). After storage meat and eggs are cooked before consumption. 
Variation in energy use of livestock food products 
 33 
Milk is, however, consumed cold. The energy used for preparing meat and eggs is 
based on the average energy needed to prepare a kilogram of hot meal (Kramer, 
2000). In the Netherlands 21% percent of the households cook on electricity while 
the remainder cook on gas (EnergieNed, 2001). For dishes it is assumed that 5% 
of the energy used for dish washing is attributed for both milk and eggs and 20% to 
meat. By 40% of the households dishes are done by use of a dish washer the 
remaining 60% do the dishes by hand (EnergieNed, 2002).  
 
Transport 
Transportation occurs between and within each sector described. An example of 
the latter is the transport of livestock at different stages of life between farms in the 
Dutch stratified systems. Business related transport of farmers themselves and 
service providing organizations like veterinarians are another example of 
transportation within a sector. Although, the animal source food production and 
consumption systems assessed have roughly the same kind of transportation 
movements. The transportation movements differ, however, in quantity and 
distance. Roughage feed for dairy cattle are usually cultivated close to the farm. In 
contrast, feed ingredients for pigs find their origin all around the world. Milk can not 
be stored for a long period on farm and needs to be transported to the processing 
plant every couple of days. Farms collect pigs on average every couple of weeks. 
For each system the means of transportation, the number of transhipments, the 
distance and the transported weight were determined. The energy used for 
transport depends on these factors. 
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3.4. Comparison on energy use 
The energy used to produce and consume animal source foods are shown in 
figures 3.2 and 3.3. When compared on fresh weight the spread in energy use 
between the animal source foods studied is large (figure 3.2). Pork has with 56 MJ/ 
kg product the highest energy use while milk has with 9 MJ/ kg product the lowest 
energy use.  When compared on protein content the spread in energy use is 
reduced significantly (figure 3.3). Pork has again the highest energy use with 350 
MJ/kg protein. Eggs have, however, with 226 MJ/kg protein the lowest energy use. 
When animal source foods are compared on their fresh weight the results are 
influenced by factors as differences in moisture content. One of the main nutritional 
reasons to consume animal source foods is their protein content. Therefore, to 
make an equal comparison on energy use between animal source foods this study 
will hereafter focus on a comparison on the main nutritional function which is for 
animal source foods the protein content.  
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Figure  3.2 Distribution of energy use in the production system of animal source 

























food processing and trade
livestock sector
feed sector
Figure  3.3 Distribution of energy use in the production system of animal source 
foods produced in the Netherlands 
 
Analysing the energy use of animal source foods separately 
Figure 3.3 shows for every animal source food studied what the energy use is 
within each of the sectors in the production system. Pork has an energy use of 350 
MJ/kg protein the share of each production step to the total energy use differs, 
however, substantial e.g. transport is with 130 MJ/kg protein the largest energy 
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consuming sector while food processing has with 20 MJ/kg protein the lowest 
energy use. For the production of chicken 269 MJ/kg protein is needed. The largest 
energy consuming sector within the chicken system is, however, the food 
consumption with 95 MJ/kg protein while food processing has with 32 MJ/kg 
protein the lowest energy consumption. Eggs require a total energy use of 227 
MJ/kg protein. Transportation and food consumption are the largest energy 
consuming sectors with respectively 80 MJ/kg protein and 78 MJ/kg protein. Food 
processing requires only 2 MJ/kg protein and is the least energy consuming sector. 
The energy use of milk is 250 MJ/kg protein. The livestock sector has with 10 
MJ/kg protein the lowest energy consumption while the production of feed requires 
the highest amount of energy, 84 MJ/kg. The above results show that there is a 
large variation in energy use between the production steps of animal source food 
production systems.  
3.5. Evaluating the differences in energy use per sector  
There are large differences in energy use within the same production sector among 




The energy required for feed production is determined by the combination of the 
feed conversion factor4, the feed ingredients used, the energy required to produce 
a specific feed (roughage feed or concentrate feed) and the share of a feed in the 
diet. The energy used for feed production differs largely per animal source food. 
For pork, chicken and eggs feed production contributes only moderately to the total 
energy use. Feed production is, however, for milk the highest contributing sector. 
The energy required to produce the feed for dairy cattle, 84 MJ/kg protein, is also 
twice as high as for the other livestock studied. Although, dairy cattle have a high 
share of roughage feed in the diet which has a relatively low energy use for 
production, the energy required for concentrated feed on the other hand is 
relatively high due to the feed ingredients used. The differences in energy use for 
feed between dairy cattle and the other livestock studied is, however, mainly due to 
the high value for the feed conversion factor.  
 
Livestock keeping 
Livestock keeping contributes relatively minor to the total energy use. For milk 
livestock keeping is actually the least energy consuming sector with only 10 MJ/kg 
protein. There are, however, large differences in energy requirements between the 
livestock sectors. In contrast to milk pigs require three times as much energy, 33 
MJ/kg protein, during livestock keeping. Pigs are kept indoors and energy is used 
for heating and ventilating. In contrast dairy cows are kept partly outdoors or in 
stables which are not heated and naturally ventilated.  
 
                                                          
4
 The amount of nutritional energy required to produce a kilogram of product e.g. 
meat, milk, eggs 
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Food processing and trade 
Food processing and trade contributes the least of all production steps to the total 
energy requirements. An exception is milk were livestock keeping has the lowest 
energy use instead of food processing and trade. Milk has also the highest energy 
requirement for food processing and trade of all the animal source foods studied, 
33 MJ/kg protein. This is due to the high water content of milk combined with some 
energy intensive production steps for processing whole milk into pasteurized milk. 
Eggs need hardly any handling or processing and are not cooled at the retailer as a 




Household handling is one of the highest energy consuming sectors of all animal 
source foods studied. The highest energy use in the household handling sector is, 
however, for pork, 119 MJ/ kg protein. This is due to the preparing, backing, and 
long storing (on average 1.8 months in the freezer) of pork. Milk on the other hand 
is consumed cold and can only be kept for a short period of time in a cooler. Milk 
has, therefore, the lowest energy use, 61MJ/ kg protein, in this sector.  
 
Transportation 
Transportation is also one of the highest energy requiring production sectors for 
animal source foods. For pork and eggs transportation is the highest energy 
consuming sectors while for milk and chicken transportation is the second largest. 
Pork requires 130 MJ/kg protein for transportation while transportation for milk 
requires less than half, 61 MJ/kg protein. Transportation of feed ingredients 
comprises the majority of the energy used within the transportation sector, 
depending on the livestock type between 68% to 82%. Feed for pork exists largely 
out of feed ingredients that are cultivated in countries outside the Netherlands or 
EU (e.g. soybean meal, tapioca). Although dairy cattle have a high feed conversion 
factor the lowest energy requirement for transport is because dairy cattle are fed 
with feed that is largely produced in the Netherlands. The feed consumed by 
poultry exists largely out of grains which are cultivated mainly in the EU. This 
results in an intermediate energy requirement for transport 81MJ/ kg protein for 
chicken and 80MJ/ kg protein for eggs.  
3.6. Discussion 
Interchangeability of livestock based foods 
In the analysis executed in this study results were corrected for the protein content 
of the product. The Dutch diet does, however, not have a protein deficiency. 
Products assessed are, therefore, not only consumed because of their protein 
content. Meat and milk are, for instance, not per se interchangeable. Product 
aspects as structure, taste etc. makes that consumers will have preferences for 
one product over the other. Although, such preferences will remain among animal 
source foods, on a protein base milk is comparable with cheese which in turn is a 
meat substitute.  
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Reduction options for energy use of animal source foods 
Animal source foods have a substantial impact on the environment. The type and 
the size of the impact differ, however, per animal source food. These differences 
are caused on the one hand by the physiology of the livestock type and on the 
other hand by the production system in which the foods are produced. Differences 
in physiology of livestock make that a livestock type has for instance specific 
nutritional requirements. Changing the physiology of the livestock type, e.g. by 
selective breeding, is difficult, limited and costs a long time. Changing the system is, 
however, much easier and is more effective. This study showed that the energy 
use of animal source foods differ by a factor 1.7 when compared on a protein base. 
Differences within a animal source food production and consumption system and 
between the same production sectors of different animal source food production 
systems are even larger. 
Each production sector has possibilities to reduce the energy use. For the feed 
sector, for instance, applies that the amount of feed needed per kilogram product 
depends on the activity of the livestock and the conditions in which it is kept. 
Differences in, for instance, the type of stable or the movement of freedom 
influence the amount of feed required and thus the energy used for feed. Reducing 
the transportation distances of feed ingredients by a more energy effective 
purchasing policy is a possibility to reduce the energy use in the transportation 
sector. Differences in energy use between the same production sectors give an 
indication how a animal source food is doing in comparison to the other animal 
source foods studied. These differences show were to start reducing the energy 
use of a animal source food production system. Pigs, for instance, need 33 MJ/kg 
protein for livestock keeping while dairy cattle only needs 10 MJ/kg protein.  
The differences in energy use between the production sectors within a animal 
source food production system show were reduction options will have the largest 
effect. Food processing of eggs, for instance, requires only 2 MJ/kg protein while 
transport requires 80 MJ/kg protein. A large reduction in food processing energy 
will hardly have an effect on the total energy use for eggs while a reduction of only 
2.5% in transport energy already compensates for the energy used by food 
processing.  
 
Significance of the results for other systems 
The data used in this study are typical for the average Dutch intensive system. 
Different values will be found in other agricultural systems in the Netherlands as 
well as abroad. Although some characteristics of the Dutch system are comparable 
with other countries dissimilarities can, however, cause that the relative differences 
in energy use between animal source foods are not constant among countries. This 
means that eating eggs instead of milk instead of chicken instead of pork can be 
more energy efficient within the Netherlands this sequence can be completely 
different within other countries.  
 
Comparison with earlier studies 
A few studies are available that also studied the energy use of animal source foods. 
These studies differ, however, in the system assessed, the chosen system 
boundaries, the allocation or the method. Zhu (2004) studied the environmental 
impact of pork produced in the Netherlands with a LCA method. By evaluating the 
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same system Zhu found a comparable energy use, 397 MJ/kg protein against the 
350 MJ/kg protein in our study. Kramer (Kramer, 2000) determined the energy use 
of different food products produced in the Netherlands with a hybrid method. For 
milk and eggs he found a lower energy use, respectively 7 MJ/kg product and 24 
MJ/kg product. However for pork and chicken he found higher values, for both 86 
MJ/kg product. Studies to non Dutch systems like the Swedish study from Carlson-
Kanyama et all. (2003) showed different outcomes. Carlson-Kanyama et all. 
studied the life cycle energy input for 150 food items available in Sweden by use of 
a hybrid method. The results in their study show an energy use which is up to a 
factor 2 higher compared with this study. The Swedish study of Cederberg (2000) 
compared conventional produced milk with organically produced milk up to the 
farm level. They found an energy use of 3.3 MJ/kg product for milk. If we adapt our 
results to a comparable system boundary an energy use of 4.7 MJ/kg product was 
found.   
3.7. Conclusion 
The detailed system analysis showed large differences in energy use among the 
different sectors of the livestock production system studied. Comparing animal 
source foods on the aggregated results for fresh product resulted in large 
differences. However, when products were compared on their function in the diet, 
in this study the protein content, differences are reduced to a factor 1.4. Pork 
produced in the Netherlands has the highest energy use, 350 MJ/kg protein, while 
eggs have the lowest energy use, 226 MJ/kg protein.  
The energy per production step differs, however, largely. Transportation and 
household handling are on average the highest energy consuming sectors. In 
contrast food processing and trade is the lowest energy consuming production 
sector while feed production and livestock keeping have an intermediate energy 
use. There is however a large variation in the contribution of a production sector 
per animal source food. For instance, livestock keeping requires for pork times 
more energy than milk. 
Overall there are multiple possibilities to reduce the energy use of animal source 
foods. Possible changes are, for instance, the use of different feed or feed 
ingredients, the housing conditions, transportation movements and storing and 
preparing of food. The large differences between production sectors of a animal 
source food show where energy reduction option will have the largest effect on 
total energy use. The large variation in energy use between different animal source 
foods for a production sector, show that for each animal source food the energy 
reduction options are different.  
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4. Does the Amazon suffer from BSE 
prevention?* 
Abstract  
In the last decade large scale production of soybeans has been a major driver of 
the enhanced deforestation in the Brazilian Amazon. We show that these soybeans 
are mainly exported to the EU to substitute for the BSE related banned meat and 
bone meal in livestock feed. This strongly suggests a link between Brazilian 
rainforest disappearance and BSE prevention. 
 
Keywords: Deforestation, Amazon, Bovine Spongiform Encephalopathy (BSE), 
soybean 
 
Deforestation of the Amazonian rainforest has been going on for more than three 
decades. Current Brazilian Amazon deforestation rates are the highest in the World 
and the highest ever in the Amazon (Laurance, 2002; 2001; 2004; Soares-Filho, 
2006). This massive deforestation endangers the vital roles of the Brazilian 
Amazon in ecological and environmental key processes such as maintaining 
biodiversity and terrestrial carbon storage (Laurance, 2001; Fearnside, 1997; 
Schaeffer, 2005). To stop this process insight in the drivers of deforestation is 
essential. The drivers are complex and involve an interaction of cultural, 
demographic, economic, technological, political and institutional issues (Schaeffer, 
2005). Yet, rainforest is mainly cleared for the conversion of land for agricultural 
purposes such as industrial soybean farming (Fearnside, 2001). The latter is seen 
as one of the key economic and political reasons behind deforestation for 
agricultural purposes (Laurance, 2004). In the last decade industrial soybean 
farming doubled its area to 22*106 ha now being the largest arable land user in 
Brazil (Figure 4.1). A doubling made possible by a new variety of Brazilian 
soybeans which flourish in the Amazonian climate (Mongabay, 2006) but also by 
Brazilian national programs like ‘Avança Brasil’ and its predecessor ‘Brasil em 
Ação’ making the enormous potential of agricultural land in the Amazon accessible 
(Fearnside, 2002).  
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Figure  4.1 Area under cultivation for soybeans in Brazil since 1980. Data are from 
the FAOSTAT agricultural database 
The demand for soybeans is subjected to global market forces for soybeans, oil 
and scrap. A small quantity is consumed directly by humans but the bulk is used for 
the derivatives oil and scrap. The most important driver of soybean production is 
the use of soybean scrap as a feed source (Weidema, 2000). Soybean scrap is a 
high quality protein source ideally suited for the increasing protein needs of modern 
day livestock.   
The relation between deforestation and soybean production can also be observed 
in export statistics (Figure 4.2). Brazilian export of soybeans has doubled in the last 
ten years mainly due to increased exports to the European Union (EU) and China. 
The increased need for soybeans in China can be ascribed to increased livestock 
product consumption in China. However, this is not the case for the EU. Statistics 
show that livestock production in the EU remained constant over the last decade 
(FAOSTAT). This indicates that soybeans are used to replace another livestock 
feed. With respect to feed ingredients one major event stands out in the last 
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Figure  4.2 Brazilian production and export of soybean equivalents since 1980. 
Data are from Oil World ISTA Mielke GmbH 
In 1995 the first human deceased from variant Creutzfeld-Jacob disease as a result 
of eating infected beef (Will, 1996). To stop this health threat more stringent 
regulations were imposed in the EU. They included a ban on meat and bone meal 
(MBM) in feed for ruminants. The feed ban was later extended to a ban on feeding 
processed animal based proteins to all farmed animals which are kept, fattened or 
bred for the production of food (European Communities, 2006). Before the BSE-
affair 10% of the feed originated from MBM. Nowadays MBM is combusted as 
biomass to yield CO2-neutral energy. MBM, a high quality protein component for 
feed, is largely replaced by soybean scrap. Due to BSE regulation the EU replaced 
16*106 t MBM feed equivalent to   23*106 t soybeans (European Communities, 
2002). With an average soybean yield of 2.3 t/ha an area of 10*106 ha, 
corresponding to 10% of the EU arable land, is required. In reality the EU produces 
hardly any soybeans but it is the largest consumer of soybean scrap in the world. 
Over the last ten years the EU annual soybean import for feed increased with 
17*106 t (Ista Mielke GmbH, 2005). An equivalent amount is needed to 
compensate for the MBM loss. The EU soybeans are primarily imported from Brazil 
as a result of the EU position towards GMO’s (Schofield, 2002). Brazil is the only 
large soybean producing country that officially prohibits the cultivation of GM 
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its soybeans mainly from the USA the world largest producer of soybeans (Ista 
Mielke GmbH, 2005). 
The EU BSE regulation combined with its attitude towards GMO’s resulted in an 
increased demand for soybean scrap of Brazilian origin. The large area required to 
cultivate the enhanced EU soybean demand is of the same size as the area 
deforested in Brazil since 1996. This strongly suggests that the Brazilian rainforest 
is suffering from BSE prevention. However, the effect of the European livestock 
system on rainforest depletion in Brazil is rather complex. Several interesting 
aspects as the consequences of using alternative MBM substitutes or even 
continued use of MBM as well as what will happen in Brazil if EU would stop 
importing soybean scrap are outside the scope of our study but they deserve 
further research. 
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5. Feeding livestock on human inedible residues 
and the consequences for the environmental 
impact of meat*  
 
Abstract 
The environmental impact of meat is high mainly due to the feed required by 
livestock in combination with the impacts of cultivating, transporting and processing 
of feed crops such as tapioca and grains. As well as regular feed crops, livestock 
also feed on residue from the food industry, such as pulp, scrap and peels. Both 
types of raw material have different environmental impacts. Feeding food residue 
to livestock is an efficient way to upgrade a low quality material into high quality 
foods. In the Netherlands, food residue represents the majority of the feedstock for 
feed. Distinguishing crops from food residue has consequences for the ascribed 
environmental impact of meat. This paper separates these two streams using 
volume, environmental impact and their relevance in meat production. An 
assessment is made of three food industries (sugar beet industry, vegetable oil 
industry and potato product industry) that produce the largest stream of food 
residue, and of the pork industry, as an example of meat production. The 
environmental impact of food residue-based feed is allocated in three different 
ways: mass ratio, economic basis, and no assigned burden. We found that the 
amount of pork produced from food residue is substantial. The environmental 
impact of food residue based feed is also significantly lower than grain-based feed. 
We discuss changes in vegetable and in animal product consumption that influence 
the environmental impact of pork. It is concluded that the use of current food 
residue keeps the environmental impact of animal source foods relatively low. 
However, a further increase in meat consumption would require more feed grains 
with a correspondingly larger environmental impact because food residues are 
used up. 
 
Keywords: Meat; Livestock; Human inedible residues; Consumption 
5.1. Introduction  
The production and consumption of food requires large amounts of resources such 
as land, water, materials and energy and causes emissions such as greenhouse 
gases, pesticides, heavy metals and domestic wastes to the biosphere. This 
environmental impact of food is expected to increase due to population growth and 
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a more luxurious consumption. Research has been done on lowering resource use 
and emissions per kg produced food (Duchin, 2005; Eriksson, 2004; Gerbens-
Leenes, 2002; Keyzer, 2005; Kramer, 2000; Kumm, 2002; Mattsson, 1999). In 
order to reduce the environmental impact and to provide current and future 
population with sufficient food supplies, it is often suggested to transform or 
substitute animal source foods (Smil, 2002; Avery, 1999). These conclusions are 
largely based on the fact that 32% of the world yielded grains (Haan de, 1997) and 
up to 68% of the grains used by developed countries (Brown, 2001) are being fed 
to livestock. A diet of meat, therefore, uses more resources than a vegetarian diet 
(Carlsson-Kanyama, 2003). Feeding crops such as grains and tapioca to livestock 
may be unsustainable because natural resources, e.g. land, water and energy, 
used by feed crops could also be used for cultivating food crops (D'silva, 2000) or 
for preserving nature (Fearnside, 2001). 
 
Livestock is, however, not only fed crops. In industrialized countries livestock is fed 
with concentrates purchased from the feed industry. To produce concentrates the 
feed industry purchases feedstock from international markets. The feedstock used 
is selected on a least cost basis (Naylor, 2005). The feedstock purchased includes 
crops (wheat, maize, soybeans, tapioca, etc.) but also food residue from, for 
instance, the food processing industry (oilseed scrap, molasses, potato peels, etc.). 
Currently, 70% of the feedstock used in the Dutch feed industry originates from the 
food processing industry (LEI/CBS, 2005). These food residues are generated due 
to consumption of vegetable or vegetable-based foodstuffs. For instance, a sugar 
beet processing plant yields beside sugar also beet pulp and molasses for feed 
purposes. The total amount of food residue is significant. According to Elzenga 
(1996) more than half of the industrial waste, 10.4 *109 kg of the total 19.1*109 kg, 
produced in the Netherlands originates from the food industry of which 7.6 *109 kg 
is used as a feed source. Feeding food residue to livestock can be seen as an 
effective option for handling waste, because it transforms an inedible stream into 
high quality food products, such as meat, milk, and eggs.  
 
The goal of this paper is to determine the effect of feeding food residue on the 
environmental impact of meat produced in the Netherlands. Therefore, a distinction 
is made between meat produced from food residue and that from grain-based feed.  
5.2. Method  
Boundary setting 
The focus of this paper is on the present Dutch food system. The Netherlands 
produces large amounts of food products which yield a large amount of food 
residue. This study takes into account the largest streams of food residue from the 
Dutch food industries, namely the sugar beet industry, the vegetable oil industry 
and the potato product industry. These three industries produce 66% (Meeusen-
van-Onna, 1998) of the available food residue in the Netherlands and 45% of the 
total amount of feedstock used in the feed industry for concentrate production. 
Residues of the other food industries are considerably smaller or are too diverse in 
composition and therefore not taken into account. 
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The Netherlands imports large quantities of agricultural products (e.g. wheat, 
beans) which are processed domestically into agricultural commodities (e.g. bread, 
chocolate). These commodities are largely exported. Attributing all food residue 
produced in the Netherlands to the Dutch population would, therefore, result in an 
unrealistically large amount per person. Consequently, the amount of meat per 
person produced from food residue would be largely overestimated as well. 
Therefore, we determine the food residue production for the average Dutch person 
on the basis of his food consumption pattern. The residues are, subsequently, used 
as feed for pigs to determine the potential amount of animal source food (pork) that 
can be produced per person. Pigs are selected, instead of cattle or poultry, for 
reasons of their intermediate feed conversion ratio, for producing only a single food 
product and for consuming only feed from the feed industry. By this approach we 
limit the number of multifunctional processes and therefore the number of 
allocations required. To compensate for this simplification the amount of pork 
produced from food residue is compared with the recommended animal protein 
consumption in the Netherlands.  
 
Indicators 
The production of feedstock and meat results in many different environmental 
impacts. Gerbens-Leenes (2003) give an overview of indicators for environmental 
sustainability in food production, from a local level to regional level to global level. 
To understand environmental effects and interactions within the food production 
system they propose using the global environmental performance indicators: land 
use, energy use and water use. Therefore, this study selected global environmental 
performance indicators that are affected by feed: land use and energy use. Water 
use is not selected in this study because water requirements per unit of nutritional 
energy provided by the crop are all in the same order of magnitude (Gerbens-
Leenes, 2004). Therefore, no differences in water use will be found in this study. 
Crop production is by far the largest land user in the pork production chain and 
land used to produce feed crops competes directly with land used for food crops. 
Furthermore, land requirements differ considerable per crop due to different yields. 
The energy use for crop production and transportation of crops varies also 
considerably per crop because of different energy inputs per kilogram product for 
ploughing, harvesting, manure pesticides etc. Moreover, different crops are 
produced in different regions of the world resulting in diverging energy use for 
transportation. In previous studies the energy and the land requirement of various 
feed ingredients are quantified (Elferink, 2007a, Elferink, submitted). These values 
are used to quantify the flows in this system analysis of the food production system.  
 
Allocation  
Intentionally food residues from the food industry were regarded as waste and had 
therefore no environmental impact. However, these food residues have become 
useful products and the food industry derives nowadays a profitable income from 
selling their food residue. Furthermore, food residues can be used for multiple 
purposes. Besides as a feed ingredient food residues can, for instance, also be 
used for providing renewable energy. Due to the economical value and the multiple 
uses of food residues Zhu et al. argue that food residues should be ascribed an 
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environmental impact (Zhu, 2004). To attribute an environmental impact to food 
residues various allocation methods can be applied (Proce, 2000). In this study, 
three allocation methods were perceived as most relevant and used for allocating 
the environmental impact of food residues: 
1. On a by-product basis, meaning that no environmental impact was attributed to  
       the food residue product but only to the main product. 
2. On the present economical value as feedstock for feed. 
3. On mass ratio 
5.3. Qualifying animal protein production 
Food consumption pattern 
Opinions differ on the daily recommended amount of protein (vegetable and animal) 
required for a healthy diet. For example, in the Netherlands 60 grams of proteins a 
day is recommended for an adult while the World Health Organization and the 
Food and Agricultural Organization recommends 51 grams a day (FAO,1991). The 
daily amount of protein required differs between gender and age. The Health 
Council of the Netherlands advises individuals to consume vegetable and animal 
proteins in a ratio of 1 : 1, meaning that a daily animal protein consumption of 
approximately 30 grams a day is recommended (Stafleu, 1997). According to the 
last food consumption survey in the Netherlands the average consumption of 
animal proteins is 52 gr/cap/day half of which was meat based and the other half 
consist of fish, milk- and egg products (Voedingscentrum, 1998). Since pork has a 
protein content of approximately 20% 150 grams of pork meat has to be consumed 
to comply with the recommended 30 grams of animal protein a day. 
The food products that generate the largest food residues are consumed for 
different purposes. Vegetable oils and sugar are consumed as supplementary food 
products. Although, sugar has a high digestible energy content it is mainly used as 
a sweetener. Vegetable oils for food consumption are mainly used for baking, 
frying and food flavouring. In contrast to vegetable oils and sugar, potatoes are 
consumed for their high starch value. These products have been important 
foodstuffs in the Netherlands for decades. Figure 5.1 shows the consumption of 
sugar, potato and vegetable oil over the last 40 years. 
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Figure  5.1 Supply (kg/cap/year) of the three foodstuff that generate the bulk of the 
human inedible residues in the Netherlands during the period 1960-2000 
Animal feed 
Pigs are traditionally scavengers and in early domestication they were raised as a 
means of utilising human food wastes. If livestock has to function and thrive 
optimally feed needs to have a certain nutritive quality expressed in the nutritive 
value of feed. There are different systems to evaluate the nutritive value of feed all 
relating to the energy content of a common feed ingredient and expressed as 
feeding units. In the Netherlands the nutritive value for pork is expressed as EW 
(‘Energie Waarde’, energy value pigs). The nutritive values of the feed ingredients 
used in this study are extracted from the feed tables of the Dutch Central Bureau 
for Livestock Feeding (2003). A feed conversion factor of 4.0 EW for one kg of 
slaughtered pork is used (Elferink, 2001).  
5.4. Quantifying human inedible residues 
Sugar beet industry 
The Dutch sugar beet industry produces sugar and derivatives from domestically 
grown sugar beets. The average sugar beet yield in the Netherlands is 57.9 ton/ha 
(Statistics Netherlands, 2005). The energy input for cultivating, processing and 
transport is 1.27 MJ/ kg.  
A sugar beet contains on average 14% sugar. Therefore, 1000 kg of sugar beet, 
without the foliage, yields 140 kg of sugar. The remainder, 58 kg of dried pulp, 40 
kg of molasses, 15 kg of beet residue, 60 kg of Betacal and a large amount of 
water are by-products. The dried pulp and molasses are suitable for feed. 
Molasses is also used as a feedstock for beverage products and the remainder 
vinasse is used as feed. The sugar consumption in the Netherlands has been 
relatively constant for the past decades amounting to an average consumption of 
43 kg per person (FAOSTAT, 2006). This corresponds to 307 kg of sugar beet and 
results in 18 kg of dried pulp and 12 kg of molasses.  
 
Vegetable oil industry 
Vegetable oils are extracted from oily seeds and fruits such as sunflower seeds, 
olives, rape seeds and soybeans. The extracted oils are suitable as food oils in 
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households or are utilised for multiple food and non-food purposes in the industry. 
Oils for food are processed in sauces, margarine, dressings and frying fat. These 
foods are being used in salads and bread products or used for baking and frying of 
foodstuffs such as bread, biscuits, meat, fish and chips. Non-food purposes for 
vegetable oils are among other things: oil chemicals, cleaners, cosmetics, 
medicines, body-care products, paper, rubbers, lubricants and solvents.  
Soybean oil is with 84% by far the largest vegetable oil produced in the 
Netherlands (Productschap MVO,  2000). Soybeans have an oil-content of 20% 
nearly all of which can be extracted. This means that 10 kilograms of beans 
produces 2 kilograms of oil and 8 kilograms of soybean scrap. A Dutch person 
uses yearly approximately 18 kg of vegetable oils for food purposes generating 72 
kg of soybean scrap. Soybean yield on average 2.54 ton/ha (FAOSTAT, 2006). 
The energy input for soybeans is 5.26 MJ/kg. 
Potato product industry 
Total Dutch consumption of potatoes, the traditional staple food, has dropped in the 
Netherlands from 250 kg/pp/year in 1852 to 97 kg/pp/year in 2002 (FAO, 2006). 
However potato products, chips, fries, precooked potatoes etc., has increased till 
30 kg/pp/year. By producing potato products on average 46% of the potato’s 
original weight is lost divided in 24% water evaporation and 22% peels and 
starches which are suitable as a raw material for feed. In the Netherlands potatoes 
yield on average 47 ton/ha (Statistics Netherlands, 2005). Energy input for 
cultivating and transporting potatoes is 1.66 MJ/kg. 
5.5. Animal protein production from human inedible residues 
Consumption of vegetable foodstuff yields human inedible residues that can be fed 
to pigs. With Equation  5.1 the total amount of pork produced from human inedible 
residues can be calculated. Soybean scrap is with 72 kg/cap/year the largest 
contributor. The consumption of sugar, potatoes and vegetable oil generates 
human inedible residues with a total nutritive value of 126 EW/ capita/ yr (table 5.1). 
With the feed conversion factor of 4 EW/ kg pork this yields an amount of 87 g/ 
pork per person a day.  












X is the amount of pork (g/cap/day); a the amount of human inedible residue i 
(kg/cap/ day); b the nutritive value of human inedible residue i (EW/kg); c the 
conversion factor for pork (EW/ kg). 
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Table  5.1 The amount of human inedible residues generated per Dutch person due 
to consumption of vegetable oil, sugar and potato products, the nutritive value of 
these human inedible residues as feed and the amount of pork that can be 
obtained from it 
HIER* Supply NV** HIER available NV  available Pork 
  (kg/cap/yr) (EW/kg dm) (EW/cap/yr) (g pork/cap/day) 
Soybean scrap   72 1.07   77 53 
Dried beet pulp   18 1.15   21 14 
Molasses   12 0.97   12 8 
Potato peels   14  1.22   17 12 
total 113   126 87 
* HIER: human inedible residue 
**NV: nutritive value 
5.6. The environmental impact of pork by different allocation methods 
Table 5.2 shows the allocation ratio for each product derived from the different 
crops as used in this study as well as the energy required for harvesting, 
processing and transporting the crop. With this data the energy and land input for 
producing feed for pork consumption is calculated for a grain based feed and a 
feed which is based on food residue. The feed based on food residue is allocated 
according to the different allocations rules. The food residue with the lowest energy 
or land input is plotted first followed by the second lowest etc. until all the food 
residue are used.  In this study the sequence from low to high energy and land use 
is: potato peels, sugar beet pulp, molasses and soybean scrap. When all food 
residues are used, it is assumed that the feed industry then uses wheat as a 
feedstock for feed. The results are shown in figure 5.2 and figure 5.3. At a 
consumption of 150 gram pork produced from grain based feed requires 2.7 MJ 
and 1.8 m2. Compared to feed with food residue, grain-based feed always has a 
higher energy and land use. However, there are large differences between grain 
based feed and the various allocation types. Food residue-based feed with an 
allocation on main product vs. by-product gives no impact until wheat must be fed. 
A consumption of 150 gram pork requires 1.1 MJ and 0.7 m2. The price allocation 
shows an increase in gradient for energy and land input when pork consumption 
rises above 81 grams a day. However, the lowest gradient is when pork 
consumption is reduced to 29 gram/cap/day whereupon only domestic food 
residue, e.g. from potato and sugar beet, are used as feed source. At a 
consumption of 150 gram pork a price allocation requires 1.9 MJ and 1.2 m2. When 
allocated on a mass basis, the land and energy use is much higher than for the 
other two allocations. At a consumption of 150 gram pork an allocation on mass 








Table  5.2. The yield, land input and energy input required for the manufacturing of 
all products. The allocation percentage applied for each product derived from the 
crop 
Crop Products Yield Land input  Energy input  Allocation (%)  
  (ton dm/ha) (m2/kg) (MJ/ kg) mass price by-prod 
Wheat grain 
3.1 3.78 5.84 100 100 100 
Soybean oil, scrap 2.5 3.92 5.26 20, 80 50, 50 100, 0 
Sugar beet sugar, beet 
pulp, 16.5 0.61 1.27 59, 24, 91, 5, 100, 0, 
  molasses 
   17 4 0 
Potato potato, peels 9.5 1.05 1.66 77, 23 99, 1 100, 0 
 
 
Figure  5.2 Land requirements for feed production on different allocations and for 
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Figure  5.3 Energy requirements for feed production on different allocations and for 
grain based feed related to the amount of pork consumed 
5.7. Discussion 
The total amount of food residue in Table 5.1 represents an underestimate there 
are numerous additional food products and non-food products that yield food 
residue which could also be excellent feed. The food residues mentioned are, 
however, less important in terms of tonnage than those listed or are less accurately 
reported. It is estimated that the listed food residue represent approximately 60% of 
total food residue from the food industry in the Netherlands. The remaining food 
residue is, however, difficult to link directly to the Dutch consumption because the 
Netherlands exports large amounts of food. On the other hand the Netherlands 
imports large amounts of food that yield food residue in other countries. When it is 
assumed that the 81 g of pork from food residue from Dutch consumption 
represents 60% of the entire food residue suitable for feed then 135 g of pork a day 
or approximately 27 g of animal protein can be produced from food residue. This 
amount is close to the recommended protein intake of 30 g a day, but, still far from 
the actual consumption of 75 g a day.  
Food residue from the food industry is not the only material that is suitable for feed. 
Other food related sectors, e.g. the food trade sector (retailers), the food 
preparation sector (restaurants, hospitals, household) and the agricultural sector 
also generate food residue, e.g. exceeded shelf life, cooked waste (swill), 
vegetable fruit and garden waste, food left-over and crop residues. Some of these 
food residues are currently fed to livestock while others are not allowed due to 
health regulations (e.g. swill) or are not economically feasible (e.g. vegetable 
household waste), therefore, the potential amount of pork that could be produced 
















































Pork versus other livestock 
The pig with its intermediate feed conversion ratio is used as an example to 
produce human edible proteins. This simplification overlooks the use of other 
domestic animals and the use of livestock to produce more than essential amino 
acids. Other domestic animals such as cows and poultry have respectively higher 
and lower feed conversion factors. From the same amount of feed less meat 
comes from keeping cows and more from keeping poultry. Cows and poultry 
produce also milk and eggs, respectively, which have a lower feed conversion than 
meat. Therefore, we expect that in a more common situation, where multiple 
livestock species are used to produce different types of animal products which yield 
a wider variation in suitable human nutrients, the available animal source food for 
humans produced out of food residue by livestock will be close to the values 
calculated in this study.  
 
Effect of dietary changes on food residue 
Consumption of vegetable or vegetable-based foodstuffs generates organic 
residues higher up in the food production chain. Historically animals were already 
fed organic residues produced on farms and by local villagers. Nowadays, 
consumers in industrialized countries consume, however, more processed foods 
and industrially prepared meals, so called ready-to-cook, ready-to-heat and ready-
to-eat meals. More food residue is, therefore, generated at the food industry 
instead of at the consumer. As a result the heterogeneity, quality and availability of 
food residue as a feedstock for feed increased.  
The consumption of the foodstuff yielding food residue studied has been rather 
constant over the last decades. However, it is possible that the consumed amount 
changes or that these foodstuffs will be substituted, for instance, when the sugar 
consumed in the Netherlands is not produced from sugar beet any longer but from 
sugar cane. As a result of such dietary changes the amount of food residue per 
capita can change as will the amount of animal source foods produced from it.  
 
Effect of allocation 
This study showed that independent of the allocation methods used the 
environmental impact of grain based feed is always higher than food residue based 
feed. However, depending on the allocation used, the environmental impact of food 
residue based feed can vary considerably. Besides variation in environmental 
impact due to different allocation methods changed regulation can have an effect 
as well. For instance, prices fluctuate largely which affect the ascribed 
environmental burden of a product greatly. Two examples are provided to show 
that presently available food residue could change in value from highly valued 
basis of livestock feed to unwanted wastes. In the Netherlands arable farmers 
bought manure from livestock farmers. Using an economic allocation approach the 
environmental impact of manure is allocated to the arable products. However, in 
1996, a mineral accounting system was introduced to reduce eutrophication. Under 
this system the input and output of nitrogen and phosphate for each farm is 
computed. Any imbalances result in farms paying fines. Because livestock farmers 
produce large surpluses of manure, they must pay arable farmers to use their 
manure. In such a system the environmental impact of manure is allocated to the 
livestock products. A second example shows how insights in food safety can also 
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change the economic value and thus economic allocation. Bovine spongiform 
encephalopathy (BSE) in cows, for instance, led to a ban on the use of slaughter 
residues for feed purposes (Elferink, 2007b). Before the BSE, affair slaughter 
residues were among the most important feed sources sold to the feed industry. 
After the BSE affair, abattoirs had to pay to get rid of the slaughter residues. 
Mentioned examples imply that presently available food residues can change in 
value from highly valued basis of livestock feed, to unwanted wastes. Such 
changed regulations may have large consequences for the derived environmental 
impacts of meat.  
Currently, nutritive rich food residue is mainly used as feedstock for feed. However, 
food residue can also be used for different purposes. Elferink (2001) and Nonhebel 
(2006) compared systems that yield both energy and protein foods. These studies 
showed that incinerating food residue instead of feeding is considerably less 
efficient in terms of energy and land requirements. 
 
The environmental impact 
In this study we focussed on land use and energy use as environmental indicators. 
Other environmental impacts are related to the production of animal source foods 
as well. The use of pesticide, fertiliser, manure and water, for instance, are also 
affected by the feedstock used and will show a similar relation as found for land 
and energy. However, some impacts are hardly affected by changes in the 
feedstock used. For instance, feed composition can influences the manure quality 
and quantity and thereby the emissions of methane (CH4), ammonia (NH3) and 
nitrous oxide (N2O) (Brink, 2004).  However, methane, ammonia and nitrous oxide 
emissions depend mainly on the manure excretion of the livestock and the 
management of the manure (Brink, 2004). Although, feed determines largely the 
environmental impact of animal source foods not all impacts are related to feed 
composition. Therefore, the results of this study only show the effect of feed related 
environmental impacts. 
 
Implications of results 
This study suggests more ways to reduce the environmental impact of food. From 
a natural resource perspective feeding waste is a very efficient way of producing 
food. The results found in this study can be simplified to the schematic 
representation shown in figure 5.4. If feeding food residue is seen as waste 
treatment the environmental impact is low, section A-B. This implies that up to point 
B, meat production is a very efficient way of processing food residue. When the 
amount of food residue varies due to diet changes or substitution of foodstuffs the 
position of point B will change correspondingly. Beyond point B, all food residue is 
fed, feed crops are required to produce enough meat to comply with current 
consumption. Consequently the environmental impact increases in section B-C. 
This also means that an increase in meat consumption would mean a stronger 
increase in the environmental impact than currently assumed. This is because the 
amount of food residue available per person is already fed. Therefore, grain-based 
feed is required to produce an additional demand. This effect is represented by 
section C-D. On the other hand, when meat consumption is reduced the 
environmental impact drops more rapidly. This effect will, however, only occur if 
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feed industries first remove feed crops from their feeds when demand diminishes. 
The Dutch food consumption is more or less comparable with other western diets. 
Therefore, other countries will yield comparable food residue as a result of their 
diets. Consequently meat can be produced from these food residues as well. 
 
Figure  5.4 The environmental impact of animal product consumption. In section A-
B human inedible residues are fed to livestock. In section B-D feeding crops are 
required as feed. The dotted line represents the current animal product 
consumption in the Netherlands 
5.8. Conclusion  
Consumption of food generates food residues. Feeding these food residues can be 
regarded as waste upgrading that yields meat. Per person the amount of meat is 
substantial. When corrected for the total share of food residue in feed the amount 
of meat is equivalent to the amount of animal proteins advised by health 
organizations. However, current Dutch consumption is much higher. 
The environmental impact of pork produced from food residue-based feed depends 
largely on how these residues are valued and accordingly allocated. New insights 
in food safety and economical trends will continue to lead to value changes in food 
residue for livestock feed and thus in environmental impact. However, the 
environmental impact of pork produced from grain-based feed is always higher 
than from food residue-based feed. Therefore, feeding food residue keeps the 
environmental impact of foods low. When food residue is no longer available feed 
grains are required. At current animal source food consumption levels all food 
residues generated per person are already used for feed purposes. This means 
that a further increase in animal source food consumption requires grain based 
feed. Therefore, increase in consumption will lead to a relatively larger increase in 
the environmental impact of animal source foods than in the past. To reduce the 
environmental impact of western diets various studies and policy measures focus 
on reducing animal source food consumption (Steinfeld, 2006; Lewis, 1994; Lea, 
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decrease in the environmental impact of animal source foods than currently 
expected. However, for this to occur feed crops need to be the first feedstock 





6. Resource use in animal production; should 
feed of parental animals be included?* 
Abstract  
Animal source foods require large quantities of the natural resource: land, water 
and energy. Feed production is the main contributor to the natural resource 
requirements of animal source foods. However, large differences are found with 
regard to the amount of feed required to produce an animal product. Due to the 
large natural resource use of feed slight variations in the calculated feed 
requirement can considerably affect the natural resource requirements of an animal 
source food. In livestock production systems feed is also required by several 
animals that are not used for human consumption. For instance, parental animals 
are use for breeding the productive animals. These parental animals require also 
feed. The question arises how important the feed contribution of these animals are. 
This study assesses the effect of different system settings on feed requirements in 
livestock production systems and subsequently on the natural resources required 
for animal source foods. To do so the feed requirements in the different production 
stages of the Dutch industrial and organic pork production system are determined 
taking into account the loss percentages, litter size, life expectancy and activity 
level. By doing so the effect of parental animals and dead animals on the natural 
resource requirements of animal source foods are shown. The results show that 
feed required by parental animals contributes approximately for 20% of the total 
feed. However, the feed contributions of parental animals differ largely among 
production systems. The results provide a better understanding of the differences 
in feed required for animal source foods and their systems. 
 
Keywords: system settings, pork, organic production, industrial production, feed 
requirements, natural resource requirements. 
6.1. Introduction 
Food production requires large amounts of the natural resources land, water and 
energy. Globally, 36% of the land is used for food production (Food and 
Agricultural Organization (FAO), 2003), 70% of the fresh water withdrawals is used 
for agriculture (Food and Agricultural Organization (FAO), 2003) and approximately 
17-19% of the energy in developed countries is used for food production (Nonhebel, 
2001; Pimentel, 2003). Food products vary, however, largely in their natural 
resource requirements. The large contribution of food products to the total natural 
resource requirements and the large variation in natural resource requirements 
                                                          
* To be submitted 
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between various food products make that land requirement, water requirement and 
energy requirement are recognized as core sustainability indicators for food 
products (Gerbens-Leenes, 2003).  
 
Especially, animal source foods require large quantities of natural resources. Pork 
production, for example, requires approximately three times as much natural 
resources as a vegetable alternative (Zhu, 2004). Numerous studies have, 
therefore, investigated the natural resource requirements of animal source foods to 
identify possibilities to reduce the environmental impact or to study future food 
security options (Backus, 1998; Carlsson-Kanyama, 2003; Cederberg, 2000; 
Goodland, 1997; Keyzer, 2005; Kramer, 2000; Kumm, 2002; Mattsson, 2000; 
Nonhebel, 2005; Penning de Vries, 1995; Wirsenius, 2000; Zhu, 2004). These 
studies showed that feed produced for livestock is the main contributor to the 
natural resource requirement of animal source foods. Feed production accounts for 
approximately 95% (Gerbens-Leenes, 2002) of the land, 85% of the water (Zhu, 
2004) and between 20-55% of the energy (Elferink, submitted) required to produce 
animal based food products.  
 
Agricultural sciences have traditionally studied the feed requirements of livestock to 
improve their growth performance, health and welfare. This resulted in large and 
detailed datasets on feed requirements for animals. This data is used by feed 
manufactures and farmers to determine how much feed their livestock required to 
grow optimally. When in the 1980’s agricultural practices were correlated with 
environmental problems (van Zanden, 1993) feed requirement data were used to 
determine the environmental impacts of livestock and their products. Initially 
research focused on these impacts in general terms e.g. total feed required. When 
research methods became more refined (chain analysis, LCA, input-output analysis 
etc.) the environmental impacts of various livestock products, including the feed 
required, could be determined and compared. However, variations of a factor two 
till four in the amount of feed required to produce a unit of animal source food are 
found among studies (Bradford, 1999). These studies, however, used different 
systems settings, definitions for an animal source food and notations to determine 
the amount of feed required to produce a unit of animal source food.  
 
Environmental research has recognized the importance of system demarcation for 
determining the natural resource requirement of products or services. If the system 
demarcation is too narrow relevant impacts maybe excluded. On the other hand, 
when the system demarcation is too wide much time is lost with searching for data 
to complete the analysis without significant changes in the results. Therefore, cut-
off criteria are used for decisions on inclusion or exclusion of processes in an 
analysis (Suh, 2004). Suh (2004) states, however, that cut-off criteria are typically 
not made on a scientific basis and according to Raynolds (2000) systems 
boundaries are often chosen based on what data can be most readily obtained.  
 
Studies on the effect of varying system boundaries focus mainly on physical and 
chemical processes. In production systems with a biological component like the 
food production system, besides physical and chemical processes there are also 
biological processes. For example, when determining the natural resource 
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requirement of an animal source food it is possible to only assess the feed 
consumption of the productive animal e.g. a cow during its milking period or a pig in 
its fattening period. For example, in the Dutch industrial system a average cow 
starts producing milk after 2.2 years and continues to produce with intervals milk in 
the following 2.5 years (Snoek, 2004). This means that during half of its life a cow 
is not producing milk but requires feed. Furthermore, to produce the cow or the pig 
parental animals are required who need feed while yielding no food. Moreover, 
premature deaths are found throughout the entire livestock production system that 
required feed as well while yielding no food.  
 
Livestock production systems around the world differ in the way they produce 
animal source foods using various production techniques and livestock species. 
Pigs, cattle and chickens, for instance, have different feed preferences and are 
kept in completely different systems. Furthermore, livestock production systems 
differ among countries and within countries due to divergent legislation or individual 
farmers following different management strategies and production philosophies, e.g. 
industrial, free range, organic or biological dynamic. These differences in system 
and livestock types result in different numbers of premature deaths and parental 
animals subsequently their contribution differs per system. Neglecting the adequate 
system setting creates biases when comparing different production methods on 
natural resource requirements. This study assesses the feed required in different 
system settings and the effect on the natural resource requirement for industrial 
and organic pork in the Netherlands to put the large variations for producing a unit 
of animal source food found in literature into perspective. The findings are 
generalized for other types of animal source foods. A description of the Dutch pork 
production systems is given first. 
6.2. System description  
The Dutch pork production system comprises on average 11 million animals (sow, 
boars, piglets and pigs) of which approximately 1.5% are kept in the organic 
system. There are over five thousand multiplier farms in the Netherlands with 1.2 
million sows and 4.7 million piglets and over ten thousand fattener farms with 5.6 
million pigs. The remaining animals are young parent animals, mainly female gilts. 
This system produces 19.5 million finishing pigs per year of which 5.5 million 
animals are exported alive (LEI/CBS, 2003). Pork is mainly produced from these 
finishing pigs. However, also sows are slaughtered for their meat. Meat from sows 
is of a very low quality and is therefore generally used for pet food or as processed 
meat in for instance ready to eat products. Meat from boars is not used for human 
consumption because of its distinguished odour and flavour. 
 
The Dutch industrial as well as the organic pork production system are stratified 
systems existing out of farms specialized at one or two stages of the production 
process. Although the level of stratification differs somewhat both systems have 
roughly the same kind of production scheme. The pig production starts with 
breeding organizations breeding pure breeds and crossbreeds. The later are sold 
to the sub breeding sector which produces with these crossbreeds gilts for the 
multiplier sector. These gilts are bred for the quality of producing large amounts of 
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homogenous offspring specialized in fast qualitative meat production. Multiplier 
farms produce with these gilts piglets fit for meat production. After birth the piglets 
stay with the sow to grow mainly on her milk. After weaning piglets are moved to 
another location on the farm where they are being fed feed. When the piglets are 
approximately 25 kg of weight they are fattened. The fattener brings the pigs to an 
appropriate stage of body condition. This is the stage were a fat protein ratio is 
reached that is most desired by consumers. In the Netherlands this is around 110 
kg. Above this weight the feed efficiency arrives at a point were it becomes 
uneconomical to grow the animal to a higher weight. When the pigs have reached 
the appropriate weight the pigs are slaughtered. After slaughtering the cadavers 
are processed and distributed.  
 
Industrial and organic pig production 
Although the production schemes of organic and industrial pig production are the 
same large operational differences are found. According to Steinfeld (1997) 
industrial systems are those systems in which less than 10% of the feed is 
produced within the farm unit. The industrial pig system in the Netherlands 
produces also hardly any feed on the own farm, however, differences between 
organic and industrial production comprise more than a definition based on the 
amount of land used on the own farm. Industrial pig production systems operate 
within the boundaries set by law, government rules and branch rules to optimize 
there production. In practice this means that animals are kept indoors, relatively 
large amounts of agricultural chemicals are used (fertilizers, pesticides, antibiotics 
etc.) and animals are fed pelleted feeds. The organic pig system is based on the 
principle of keeping pigs as natural as possible focusing hereby on animal, crop, 
nature and environment. This means for instance that animals are kept partly 
outdoors, agricultural chemicals are restricted, the animals are fed organically 
produced feed crops, etc.. Differences mentioned, in feed, management, housing 
and health regulation, result in different production data for industrial and organic 
pork production systems. For instance, in contrast to industrial pig system in the 
organic pig systems, pigs are kept for eight months instead of six months due to a 
slower growth rate, there is a higher premature mortality rate, fewer pigs are born 
per litter, less litters are produced per sow per year, more piglets are born per sow 
due to a longer lifespan of sows and pigs have a higher feed requirement per 
kilogram growth due to a higher activity level.  
6.3. Method 
Feed requirements of pork 
Feed conversion factor 
The amount of feed consumed by livestock to produce a unit of product is called 
the feed conversion factor (FCF).The FCF can be expressed in different notations 
depending on the chosen end product and in different units for the amount of feed 
required. The chosen end product can be expressed per kilogram live weight, 
carcass weight or human edible portion. Expressing the FCF per kilogram live 
weight is a useful measure for comparing growth efficiencies of different feeds or 
groups of animals. The end product, live weight, is, however, greater than the 
amount of meat obtained. Carcass weight is the live weight of the animal minus the 
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weight of head, skin, legs to first limb, heart, lungs, liver, intestines and blood. 
Carcass weight is much closer to the actual amount of food from animals but it still 
includes bones and some fat trims that are not consumed. Bradford (1999) argued 
that carcass weight represents a reasonable basis for comparing foods from 
animals with foods from plant sources because the remaining bones and fat trims 
can be compared with for example milling losses of cereal grains. The human 
edible portion is the part that is actually consumed by humans often expressed as 
the meat weight which is carcass weight minus bones and fat trims. However, due 
to differences in trimming standards among countries, among butchers and over 
time the human edible portion varies largely. Other options for expressing the 
human edible portion are the protein content, the metabolic energy content and the 
quality of the meat. This study determines the FCF for the end products: live weight, 
carcass weight and meat weight. The carcass weight is 81% of live weight both for 
industrial as organic pigs. However, the meat weight differs slightly from 56% of 
live weight for an industrial pig to 54% of live weight for an organic pig (Snoek, 
2004).  
 
The amount of feed required by livestock can be expressed in different units. 
Goodland (1997), Brown (1994), Bradford, (1999) and Keyzer (2005), for instance, 
give the amount of feed consumed by animals in grain equivalents. This notation is 
often used in studies to the effect of meat production on food security. Other 
studies refer to the actual amount of feed consumed by livestock ((Cederberg, 
2000; van der Werf., 2005; Zhu, 2004)) or use the amount of nutritional energy in 
MJ to express the feed required per unit of product (Eriksson, 2004). In this study 
the feed requirements are expressed in EW (Energie Waarde, energy value pigs) 
this is a notation for the nutritive value of a feed for pigs. The EW is an indication of 
the contribution of a feed to the nutrient content of the diet. This value depends on 
the quantity of the feed digested and absorbed and the composition of the feed 
(protein, fat, carbohydrate, minerals, vitamins). The nutritive values of feed sources 
for livestock kept in the Dutch system have been determined by the Central Bureau 
for Livestock Feeding, CVB. The nutritive value differs per feed source and the 
nutritive value of a feed source is different for each animal species (Dutch Central 
Bureau for Livestock Feeding (CVB), 2003). High quality feed sources have 
nutritive values of around 1 EW/kg or more while low quality feed sources have 
nutritive values of around 0.5 EW/kg. The feed requirements for animals differ also 
during their life, young animals for example require less feed per kilogram growth 
than older animals and a sow that is lactating requires more feed than during 
gestation (National Research Council, 1998). For each life stage of a pig the EW is 
known (Dutch Central Bureau for Livestock Feeding (CVB), 2003).  
 
Feed boundaries  
Three feed boundaries are distinguished in this study (figure 6.1). The first feed 
boundary is the feed that is actually consumed by the animal used for human 
consumption. In this study that is the finishing pig. Feed consumed by these 
animals is referred to as the direct feed contribution. The latter is the sum of the 
feed consumed as a piglet in the multiplier sector and the feed consumed as 
finishing pig in the fattener sector. Appendix 1 shows the production data for the 
Dutch organic and industrial pig production system as used in this study. Piglets 




start consuming feed after weaning. The amount of feed consumed by piglets 
exists of the amount of feed consumed and the nutritional value of this feed. The 
amount of feed consumed by finishing pigs is determined by use of the average 
amount consumed per kilogram live weight gain multiplied by the amount of live 
weight gained. The amount of live weight gained is the end weight of a finishing pig 
minus the end weight of a piglet. 
 
Figure  6.1 Feed boundaries assessed in this study 
 
The second feed boundary includes the direct feed contribution and the feed 
consumed by female parent animals. The female parents have a relatively long 
lifespan and approximately 60 offspring (Appendix 1). The female (great-) grand 
parent animals in the pork production system have many offspring. Sows in the sub 
pedigree sector, for example, have approximately 2500 2nd generation offspring 
that are slaughtered. The feed consumed by these sows will have little to no effect 
on the FCF and is, therefore, not further analyzed. Boars, male parental animals 
used to fertilize sows are not taken into account as well because of the relatively 
high number of offspring which is estimated to exceed 10.000. The feed required 
by female parent animals is referred to as the pre individual animal (PIA) feed 
contribution. Appendix 1 shows the data used to determine the feed required by 
parental animals. Until a sow is sexually mature the feed requirements are 
determined in the same manner as that for finishing pigs. The feed requirement in 
this period is divided by the total amount of slaughtered offspring a sow produces 
during its life. The number of slaughtered offspring depends on the number of 
raised piglets per litter, the number of litters a year and the life time of sows. After 
fertilization of the sow three feeding periods are recognized. The first period is the 
gestation period in which the sow carries the young followed by the lactating period 
in which the sows nurses her young. The third period is the dry period. This is the 
period between weaning the piglets and fertilization. The feed required in these 
periods is determined by the average period time and the average amount of feed 
consumed each day during a period. The feed required during lactating depends 
on the average litter size of a sow. The total feed required during these periods is 
divided by the average number of life piglets per litter. The PIA feed requirement is 
the amount of feed consumed by a sow before sexual maturity divided by the total 
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number of offspring during its life and the amount of feed consumed during one 
production cycle divide by the number of life offspring per litter. 
 
The third feed boundary includes, besides the direct feed contribution and the PIA 
feed contribution, the dropout feed contribution which is the feed consumed by the 
animals that died premature. Feed consumed by these animals is lost because 
they are destroyed. Animals die premature at different ages and have accordingly a 
different amount of feed consumed. Piglets that die before weaning have hardly 
consumed any fixed feed yet. Sows that die before they can produce offspring 
have on the other hand consumed large amounts of feed. Therefore, the death of 
one sow will have a larger impact on the dropout feed contribution than the death 
of a piglet. Table 6.1 shows for each life stage the dropout percentages. The 
organic pig sector has a higher number of dropouts. This is due to less balanced 
feed, less constant climatic conditions in stables and a less intensive use of 
medication as antibiotics than in industrial pig systems. The dropout feed 
contribution is calculated by determining the feed requirements for each life stage. 
This value is divided into halves because it is assumed that within a life stage the 
animals die proportionately during a period. Multiplying this value with the dropout 
percentage of that life stage and adding up all the life stages yield the dropout feed 
contribution. 
Table  6.1 Dropout factors in the Dutch industrial and organic pig sector 
Life stage Industrial  Organic 
piglets before weaning 0.13 0.19 
piglets after weaning 0.02 0.04 
pigs 0.02 0.04 
sow piglets 0.13 0.19 
young sows 0.02 0.04 
sows 0.03 0.03 
Source: (Dutch Central Bureau for Livestock Feeding (CVB), 2003; Hoste, 2003) 
 
Natural resource requirements of feed 
Feed is composed of different feed ingredients. The feed composition differs 
depending on the type of livestock and the type of production systems the feed 
composition differs. Origin, yields, transportation distances, nutritive value and the 
use of agro chemicals differ per feed ingredient influencing the amount of natural 
resources required for feed. Therefore, a difference in the calculated feed 
requirement per unit of animal source food does not immediately give a better 
insight in the differences in natural resource requirements between animal source 
foods. Organically produced feed crops, for instance, have on average a lower 
yield meaning that they require more land per unit of crop. However, use of 
agrochemicals requiring fast amounts of energy is restricted in an organic system 
compared to an intensive system. Therefore, the natural resource requirement of 
industrial and organic pig feed is based on their actual feed compositions (Table 
6.2) (Elferink 2007a; van der Peet-Schwering, 2006). Although the nutritive values 
of organic and industrial feed are identical the composition of the feed ingredients 
used differs. For instance, the major feed ingredient of organic pig feed is feed 
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grains while industrial pig feed consist largely of by-products and cassava pellets. 
For each feed ingredient the land requirement, energy requirement and water 
requirement are determined. For determining the land requirement the method 
described by Elferink (2007a) is applied. This method takes for each feed 
ingredient the production countries into account and for each country the 
contribution to the total. By applying the country’s yield for the feed ingredient the 
actual area per feed ingredient can be calculated. Subsequently the area for pig 
feed depends on the area and the share of each feed ingredient in feed. The 
method distinguishes between different types of feed ingredients, e.g. whole feed 
crops, by-products and waste-stream, and between production systems, in this 
study organically and industrially cultivated crops. The energy requirement of each 
feed ingredients is based on the energy required for field activities like ploughing 
and harvesting, energy required to produce the agro-chemicals applied on the field, 
energy required for processing feed ingredients into pelleted feed and the energy 
require for transporting the feed ingredient from the country of origin to the Dutch 
pig farm. Water requirement for feed ingredients is based on the methodology for 
transpirational water requirements developed by Gerbens-Leenes (2004). This 
method determines the amount of transpirational water on the basis of the harvest 
index, chemical composition of the crop, dry matter, the crop species C3 or C4 and 
the climatic region in which the crop is grown. For all the feed ingredients of the 
industrial and organic pig system the water requirement is determined by this 
method.  
Table  6.2 Feed composition of industrial and organic pig feed in the Netherlands 
Feed ingredients Industrial pig feed Organic pig feed 
feed grains 0.18 a 0.57 b 
pulses 0.05 a 0.10 b 
cassava pellets 0.20 a -- 
soybeans 0.01 a 0.09 a 
milling products 0.11 a 0.07 a 
byproducts starch and 
sugar  0.06 a 0.06 a 
byproducts oil production 0.27 a 0.10 a 
wastestreams 0.09 a -- 
minerals and vitamins 0.03    0.01  
Nutritive value (EW) 1.0 1.0 
a: industrially produced  
b: organically produced  
Source: (Elferink, 2007a; van der Peet-Schwering, 2006) 
6.4. Results 
Figure 6.2 shows the feed requirements and end products of the industrial pig 
production system. The total amount of nutritive value consumed within the system 
is 366 EW to produce 114 kg of finishing pig. The direct feed contribution is with 
302 EW by far the largest contributor. The dropout feed contribution contributes 
with 6 EW only slightly to the total feed requirements. This is due to the relatively 
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low dropout percentages in the Dutch industrial pig production system. In contrast 
to the dropout percentage, the PIA feed contribution has with 58 EW, 16% of total, 
a significant share in the total feed requirement. The finishing pig of 114 kg that is 
slaughtered yields 64 kg of meat, 31 kg of bones and trimming losses and 21 kg of 
slaughter losses. 
Figure  6.2 Feed conversion diagram for the conventional pork production system 
PIA: Pre-Individual Animal 
 
The flow diagram for the organic pig meat production is shown in figure 6.3. 404 
EW is required to produce 116 kg of finishing organic pig. In this system the direct 
feed contribution is with 319 EW the largest contributor. This value is 6% higher 
than the direct feed required in the industrial system. Due to larger losses the 
dropout feed flow in the organic system is almost twice as high as in the industrial 
system. The dropout feed contribution is, however, with 11 EW still a relatively 
small flow. The PIA feed requirement is a substantial flow in the organic system, 74 
EW, one quarter of the total. The PIA feed contribution in the organic system is 
28% percent higher than the PIA in the industrial system. This difference is mainly 
due to a longer lactating period in the organic system. The PIA feed contribution in 
the organic system would even be higher were it not that sows in the organic 
system produce more offspring during their life which makes that the feed 
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Figure  6.3 Feed conversion flow diagram for the organic pork production system 
PIA: Pre-Individual Animal 
 
Table 6.3 gives the FCF at different end points for the feed boundaries assessed. 
Within a pig system differences of more than a factor two in FCF are found. The 
FCF doubles between live weight and meat weight and the FCF increases 
approximately 25% between boundary 1 and boundary 2 while the difference 
between boundary 2 and boundary 3 is a few percent. However, differences 
between organic pork and industrial pork increase as well with expanding feed 
boundaries. The FCF for boundary 1 in the industrial system is only slightly lower 
than the organic system while for boundary 3 the differences increase to 
approximately 10%. This increase is due to the relative larger contribution of the 
PIA feed contribution and the dropout feed contribution in the organic system. 
Table  6.3 Feed conversion factors for pork at different end points and feed 
boundaries (bndr) 
  Industrial    Organic   
  bndr 1 bndr 2 bndr 3 bndr 1 bndr 2 bndr 3 
live weight 2.7 3.2 3.2 2.8 3.4 3.5 
carcass weight 3.3 3.9 4.0 3.5 4.3 4.4 
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Table 6.4 shows the natural resource requirement for producing 1 kilogram of 
industrial or organic pig feed. Industrial feed requires substantially more energy 
than organic feed. This is mainly due to longer transportation distances of the feed 
ingredients. On the other hand organic feed requires substantially more land due to 
lower average yields per feed ingredient. Water requirements of both feeds are 
almost similar.  
Table  6.4 Natural resource requirement of pig feed  
Natural resource Industrial feed Organic feed 
Energy (MJ/kg) 5.8 4.9 
Land    (m2/kg) 2.1 3.4 
Water   (l/kg) 274 279 
 
Figure 6.4 shows the relative differences in natural resource requirements for feed 
to produce industrial and organic pork for the direct feed contribution (feed 
boundary 1) and the total feed requirement (feed boundary 3). Values are 
normalized on the industrial pigs system incorporating only the direct feed 
contribution. Feed boundary 2, direct feed contribution and PIA feed contribution, is 
not shown because feed boundary 2 and feed boundary 3 differ only slightly. The 
natural resource requirements increase by 21% in the industrial pork system when 
the feed boundary includes feed consumed by sows and dropouts. For organic 
produced pork natural resource requirements increase by 27% when feed 
consumed by sows and dropouts are included. Figure 6.4 also shows that the 
differences between organic and industrial pork change when the feed boundary 
expands. For example, land required for organic pork is 73% higher than for 
industrial pork when only the direct feed contribution is incorporated. However, 
when the total feed requirement is incorporated organic pork requires 81% more 
land than industrial pork. Energy differences reduce from -11% till -7% while water 





Figure  6.4 Relative differences in natural resources required to produce the feed 
required for pork produced in different system settings. Normalized on; Direct 
(industrial) 
6.5. Discussion  
The effect of feed on the natural resource requirement of an animal source food is 
not only determined by the amount of feed required but also by the composition of 
the feed. The results showed that FCF for organic are approximately 10% higher 
than for industrial. However, differences in natural resource requirement varied 
between -11% for energy and 81% for land. The large variation between organic 
pork and industrial pork is, therefore, largely due to the feed composition. However, 
the importance of the feed composition differs for each natural resource and 
depends on the difference in natural resource required to produce a unit of feed. 
Land requirements for industrial and organic pork feed, for instance, differ 
significantly. The large differences in land requirement between organic pork and 
industrial pork are, therefore, mainly due to the feed composition. The differences 
in feed requirement only unfavourably enhanced the results of organic pork. 
Opposite transpiration water requirements of organic and industrial pork feed are 
almost equal. Therefore, the difference in water requirement between organic and 
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Natural resources required for animal source foods comprise more than the natural 
resources required for feed. Feed represents approximately 35% of the energy 
(Elferink, submitted), 95% of the land (Gerbens-Leenes, 2002) and 85% (Zhu, 
2004) of the water required for pork production. The results found in this study are, 
therefore, an overestimation of the effect of expanding feed boundaries on the total 
natural resource requirements for pork. Depending on the natural resource this 
overestimation is significant. For instance, when the natural resource requirements 
of feed is extrapolated to the total natural resource requirement the difference in 
energy requirement reduces from 21% till 7% among industrial pork that includes 
feed consumed by sows and dropouts and that does not include the feed of sows 
and dropouts. For land and water differences reduce respectively till 20% and 18%. 
For organic pork the differences reduce from 27% till 9%, 25% and 23% for 
respectively energy, land and water requirement.  
Cut-off decisions are often based on the assumption that approximately 90-95% of 
the environmental impact of a product is incorporated in the analysis. Depending 
on the research question and the natural resource assessed, for the pork 
production system this would mean that (over)grand parents and dropouts do not 
have to be taken into account. However, when feed consumed by female parent 
animals is not taken into account as well more than 10% of land and water is not 
included in an analysis. Feed of female parent animals contributes less than 10% 
to the total energy requirement. The accuracy chosen for the cut-off criteria 
determines if feed consumed by female parent animals has to be included in an 
analysis of the energy requirements of pork. The low energy contribution of feed 
consumed by parental animals to the total mainly results from the small 
contribution to the total energy required for pork in contrast to land and water. 
Therefore, analyses of environmental impacts of animal source foods that are 
largely caused by feed should apply a wide feed boundary. 
 
The results show that female parent animals contribute significantly, 19-23%, while 
dropouts contribute only minor, 1-3%, to the total feed required for pork. The 
contribution of the parental animals depends on the number of offspring and their 
feed efficiency. These findings have consequences for other systems. Parental 
animals of broiler chickens, for instance, have much more offspring than sows. 
Parental bovine animals on the other hand have relatively few offspring. Therefore, 
the PIA feed contribution for chicken will be less than for sows while the PIA feed 
contribution is higher for bovine animals than for sows. Furthermore, the feed 
efficiency of parental chickens is higher than that for parental bovine animals while 
sows have an intermediate value. This means that parental chickens required less 
feed per kilo offspring decreasing their PIA feed contribution even more. The 
dropout percentage of chicken is, however, higher than that of pigs and bovine 
animals. Therefore, the contribution to the dropout feed contribution will be higher 
for chickens. 
 
Livestock production systems change swiftly over time. Therefore, the system 
boundaries used in this study need to be redefined already in the near future. For 
instance, the Dutch organic pig production system is currently using artificial 
insemination. However, in the near future the sector will change to natural 
conception. This means that the number of boars in the system needs to increase 
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dramatically. This will affect the FCF for organically produced finishing pigs. A 
second example that will influence the feed requirement is that from January 2006 
the EU has prohibited the use of antibiotics in feed as a growth stimulator. 
Prohibiting antibiotics in feed has consequences for the industrial livestock sector. 
It is expected that the ban will lead to more laggers, a higher mortality, a higher 
feed requirement and less uniformity among livestock species. Another change 
expected in the Dutch industrial pig production system is that male pigs are no 
longer allowed to be castrated. In many countries male pigs not destined for 
breeding are currently being castrated because of concerns of boar taint in the 
meat. This problem can also be solved by keeping the live weight of the animal 
below 100 kg. Entire males have a superior feed efficiency and leanness compared 
with females and castrates. However, the life expectancy of entire males will drop 
as well as their carcass weight and meat weight percentage factors that influence 
the FCF. 
The Dutch industrial livestock production system is one of the most efficient 
systems of its kind in the world. The production data, nutritive value, slaughter and 
meat weight percentages used in this study are typical for the Dutch industrial and 
organic pig production systems. Different values are found for other livestock 
systems. It is expected that the effect of parental animals and dropouts on the feed 
required for pork will be even larger. 
6.6. Conclusion 
The variations in feed required for producing a unit of animal source food found in 
literature are also found in this study. Differences exceeding a factor two were 
found between feed required for pork. The way results are being expressed, e.g. in 
meat weight or in live weight, accounts for the largest variation in feed 
requirements found. However, the amount of feed required to produce animal 
source foods comprises more than the feed consumed by the productive animal. 
Expanding the feed boundaries to incorporate also the PIA feed contribution and 
dropout feed contribution led to an increase in the feed required to produce a 
kilogram of animal source food and consequently in an increase in natural resource 
requirement. For the Dutch pork production applies that the feed required by 
female parental animals contributes approximately for 20% of the total feed use. In 
contrast, the feed required by animals that die prematurely contributes only slightly.  
 
The feed contribution of parental animals and dropouts differs among production 
systems due to differences in the number of offspring, the number of premature 
deaths and the feed efficiency of the animals. These differences can significantly 
affect the outcome of an analysis of the feed requirements or the environmental 
impacts of animal source foods.  
 
The effects of expanding feed boundaries differ for various natural resources. The 
increase in natural resources at expanding feed boundaries is especially relevant 
for those resources for which feed production is an important contributor, e.g. land 
and water. In contrast feed production contributes for only 35% to the total energy 
required for pork. Incorporating the feed of parental animals and dropouts leads to 
an increase of less than 10% in the total energy requirement for pork.  
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Results showed that feed composition can have a greater effect on differences in 
natural resources requirements between animal source foods than differences in 
feed requirements. The importance of feed composition varies, however, between 
natural resources. This depends on the relative difference between on the one 
hand the difference in natural resource between feeds and the differences in feed 
requirement.  
 
To include the feed required by parental animals and dropouts extensive 
knowledge of a livestock system is required. Such an analysis takes a lot of effort 
and needs to be repeated for each livestock production system. This study can be 







Appendix 1. Production data for the industrial and organic pig sector in the 
Netherlands 
 Life stage  Industrial Organic  
Pig piglet end weight 25 25 kg 
  feed use 30 35 kg 
  nutritional value feed 1.12 1.12 ew 
 finishing pig end weight  114 116 kg 
  ew conversion 3.02 3.09 ew/kg 
Sow piglet end weight 25 25 kg 
  feed use 30 35 kg 
  nutritional value feed 1.12 1.12 ew 
 young sow end weight 113 113 ew/kg 
  ew conversion 2.81 3.00 ew/kg 
 gestation gestation period  115 115 day 
  nutritional  requirement 292 320 ew 
 lactating lactation period 28 43 day 
  nutritional requirement 7.0 7.7 ew/day 
 dry  dry period  10 8 day 
  nutritional requirement 3.50 3.85 ew/day 
      
  life piglets per litter 10 10  
  number of litters a year  2.3 2.0  
  raised piglets per sow life 54 66  
  substitution factor 0.40 0.30  
Adapted from: (Dutch Central Bureau for Livestock Feeding (CVB), 2003) and 
(Hoste, 2003) 
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7. Discussion and conclusion 
7.1. Introduction 
Chapter 1 introduced the two main goals of the research presented in this thesis. 
The first goal is to gain insight into the animal food production system. The second 
goal is to identify possibilities and options for reducing the natural resource use of 
animal source food production. The thesis focus is predominantly directed at Dutch 
animal source food production and consumption. To attain its goals, this study 
focuses first on system analysis to identify relationships and interactions between 
other production systems, food and non-food. Second, natural resource use in the 
production chain is determined. In chapters 2 through to 6 the system analysis 
methodology is applied and results in the following findings.  
7.2. System analysis  
Interaction with the vegetable food production system 
Animal source food production and consumption is closely linked to vegetable-
based food production. Chapters 2 and 3 show that a large proportion of the feed 
(70%) fed to livestock consists of by-products of the food industry (e.g. potato peel, 
soy scrap, beet pulp). Chapter 5 demonstrates that substantial amounts of meat 
can be produced from human inedible by-products generated as a result of 
vegetable-based food consumption. This is equivalent to the personal protein 
intake recommended by health organizations of thirty grams a day. If by-products 
are considered as waste that would otherwise be dumped, the use of by-products 
should be regarded as environmental friendly.  
Chapter 5 shows that owing to the interaction with the vegetable food systems, 
natural resource use changes as consumption alters. There is, for instance, a non-
linear relationship in the environmental impact of animal source food as a result of 
the use of by-products. Increase in consumption will, therefore, lead to a relatively 
greater increase in the environmental impact of animal source foods than in the 
past. Conversely, decrease in consumption can also lead to a faster decrease in 
environmental impact. 
 
Interactions with non-food systems 
The animal source food production system also interacts with non-food systems 
that use the same kind of resources. By-products, for instance, can be used for 
feed purposes but also for the production of bio-energy. Optimizing the food 
system may result in declining yields in other systems and vice versa. Chapter 4 
shows that changing the food system to reduce health risks increases the natural 
resource use of food. In this chapter a connection is made between the ban on 
slaughterhouse waste in feed as a result of the BSE affair and the destruction of 10 
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million hectares of rainforest. Promoting the use of by-products and feed crops for 
energy purposes can potentially have a comparable effect on the natural resource 
use of animal source foods.  
 
Interaction with the biological system  
Livestock is produced in a biological system were livestock originates from 
livestock. Animal source food is produced by livestock that is specifically kept for 
food production. However, breeding this productive livestock requires other types 
of livestock that also have an environmental impact. Chapter 6 provides insight into 
the importance of incorporating environmental analyses of animal source food with 
the feed required for livestock that are not consumed themselves. Incorporating 
this factor into the system analysis leads to a significant increase in the calculated 
environmental impacts. The importance of this factor differs by natural resource 
and differs also among production systems.  
 
System limitations 
The animal source food production system has limitations that restrict the 
possibilities available for improving natural resource use. For instance, not all feed 
ingredients are suitable for every type of livestock. Chicken for instance has the 
lowest environmental impact of all the meat types analysed. Substituting all meat 
with chicken is a theoretical option to reduce environmental impact. However, the 
digestive system of chickens is mainly suitable for digesting grain. The food 
production system would, therefore, be left with feed ingredients, such as by-
products, that chickens cannot digest. This strategy will therefore results in an 
increase in the environmental impact of food. In this case feeding pigs by-products 
and chicken grain is the most optimal strategy. Furthermore, a large part of 
agricultural land is only suitable for grass because the soil is too wet, too steep etc. 
This means that beef and milk are produced on land that cannot be used for other 
types of food production. Keeping cattle on this lands contributes to an overall 
more environmentally friendly food system. 
  
Trade-offs 
Analysis of the animal source food production system revealed that trade-offs 
occur. Chapter 2 shows, for instance, that land requirements can by halved when 
feed ingredients are used with higher nutritive values and yields. Higher yields, 
however, require more input from other resources such as energy for fertilizer 
production and more water. This example shows that when optimizing the natural 
resource use of animal source food production systems, trade-offs between natural 
resources have to be taken into account. 
7.3. Natural resource use of animal source foods 
Land requirement 
Chapter 2 provides an analysis of the land requirements of different types of meat 
and the possibilities for their reduction. Land is mainly required for feed production. 
In the current production system chicken has the lowest land requirement and beef 
the highest. The amount of land required for meat products is strongly related to the 
yield of feed crops and the feed conversion of the livestock.  
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Energy requirements 
Chapter 3 provides an analysis of energy requirements. Contrary to land, energy is 
required in the whole production and consumption chain. The agricultural sector, 
the transport sector and household handling are the most important energy users. 
Each uses approximately one third of the energy required.  
 
Conventional or organic production 
The Netherlands has different agricultural systems. The conventional method is 
intensive. Approximately five percent of agricultural production is organic. For 
animal production this is even less (2.5%). In chapters 2 and 3 land and energy use 
for the conventional system is determined. Chapter 6 compares a conventional and 
an organic system with respect to energy, land and water use. With regard to feed 
requirements, the conventional system is more efficient. This is due to factors such 
as lower livestock activity, shorter lifespan and higher use of medication. Animal 
source foods produced in the conventional system require less feed. Feed in the 
conventional system differs from feed in the organic system in its composition (the 
mix of feed ingredients differs), country of origin (feed ingredients in the organic 
system are more often locally produced) and production (conventional feed is 
produced using more inputs such as fertilizer and pesticides). As a result, feed in 
the conventional system is only more efficient with regard to land use and less 
efficient with regard to energy use. Therefore, the conventional system is only more 
efficient with regard to land use.  
 
Application of results 
The results and findings in this thesis can be applied by other researchers for 






Box 1: Determining the environmental impact of Dutch animal food 
consumption 
 
Table 7.1 provides an overview of the natural resource use of the Dutch 
industrial animal source food production systems examined in this thesis. 
 
Table 7.1 Natural resource use for the production of an animal source food 














Pork 56 350 10.3 64 1.1 6.8 
Beef 61 303 29.0 145 1.3 6.3 
Chicken 54 269 7.7 39 0.9 4.5 
Milk 9 250 2.5 76 0.2 6.4 
Egg 29 226 5.3 41 0.7 5.1 
 
This data can, for instance, be used to determine the natural resource use of 
average Dutch animal source food consumption and the relative distribution 
among the animal source foods studied, as is shown in Figure 7.1. This 
results in environmental analyses such as that beef has the highest natural 
resource use per kilogram of all the animal source foods studied, though on a 
food consumption basis its share is limited owing to the relatively low beef 
consumption in the Netherlands. This in contrast to milk, which has one of the 
lowest natural resource uses per kilogram but accounts for the highest overall 
natural resource use owing to Dutch food consumption habits.  
 
Figure 7.1 Natural resource use for animal source food consumption per 
capita in the Netherlands on a supply basis (FAOSTAT) 
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7.4. Overall conclusion  
Animal source food production requires relatively large amounts of natural 
resources. Therefore, reducing its environmental impact can contribute significantly 
to the overall impact of food consumption. The analyses in this thesis concern a 
very complex system. Owing to this complexity there is no simple solution for 
realizing substantial resource reductions. The following options are identified: 
- chicken requires fewer natural resources than pork and beef, in general 
- in protein terms, milk and eggs (or meat substitutes based on them) have a 
natural resource requirement comparable to meat (chicken) 
- by-products (waste streams) should always be fed first 
- energy use can be reduced when feed is more locally produced 
- land use can be reduced by changing the feed composition, for instance, 
using less soybean. 
Box 2: Substitution of animal source foods 
 
There are different options for reducing the environmental impact of animal 
source food consumption (Chapter 1). The effect of substituting animal foods 
can be analysed using the results in this thesis. Table 7.2 shows the results 
when the current Dutch animal protein consumption is substituted by one 
specific animal source food. Substitution of animal source foods has the 
largest effect on land demands. A reduction of forty-eight percent can be 
achieved if only chicken were consumed. On the other hand, land 
requirements double if only beef is consumed. Energy requirements can be 
reduced by twenty-three percent if current animal protein consumption is 
substituted by eggs. Water requirements can be reduced by twenty-six percent 
if only chicken is consumed. Chicken or egg consumption reduce natural 
resource use overall. In contrast, pork or beef increase natural resource use. 
However, the animal source food production system has limitations related to 
the quality of land and feed (see the ‘system limitations’ section). Therefore, 
complete transfer to only one type of animal food can increase the overall 
natural resources use. 
Table 7.2 Natural resource use (per capita/year) of animal source food 
substitutions in comparison to current animal food consumption 
  Energy   Land    Water   
  MJ change m2 change m3 change 
current 8287 100% 2113 100% 174 100% 
only pork 9919 120% 1824 86% 193 111% 
only beef 8587 104% 4109 194% 179 103% 
only chicken 7652 92% 1091 52% 129 74% 
only milk 7085 85% 2163 102% 181 104% 




This thesis shows that there are various possibilities to reduce the environmental 
impact of animal source food. However, there is no one ready-made solution. 
Chicken is not better per se and beef is not necessarily worse. Their relative 
attractiveness depends on production factors such as quality of land, availability of 
by-products, demands for production, consumer variables etc. Therefore, when 
optimizing natural resource use the following should be taken into account:  
- when comparing different systems that yield the same animal source 
foods, it is important to include the biological subsystem as well, such 
as parental animals  
- the animal source food production system is closely linked to other 
systems. Changes in systems will therefore affect each other 
- feed is an important resource user. Research to increase the 
sustainability of animal source foods should focus more on efficient 
feed use and production 
- there is a non-linear relationship between animal source food 
consumption and the environmental impact of animal source food. As 
a result, increase in animal source food consumption per capita will 
lead to a higher increase in the environmental impact than currently 
expected. However, reduction of animal source food consumption can 
reduce the environmental impact faster than expected. 
 
Food is a basic necessity for humans. Although animal source foods have 
important nutritional characteristics, people do not have to eat animal source foods 
to lead healthy lives. However, the majority of mankind consumes animal source 
foods and will keep doing so. This animal source food consumption has increased 
significantly over time. In some countries meat consumption per capita has 
increased by more than a factor of ten since 1960 (FAOSTAT). Future changes in 
population size, economic growth and diet will increase the demand for animal 
source foods. This animal source food consumption has a dramatic impact on the 
environment. Therefore, animal source food has to be produced by more 
environmentally friendly processes. This implies that production should minimize 
environmental degradation by using natural resources at a rate at which they can 
be replenished naturally. The results of this thesis can be used to analyse different 
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1.  Background  
 
1.1 Animal source foods and its impact  
Animal source foods, meat, milk and eggs, are part of the human diet providing 
metabolic energy, amino acids, vitamins and minerals. Meat, milk and eggs 
produced by or from pigs, cattle and chicken are the most commonly consumed 
animal source foods in the world. However, within the food domain food products of 
animal origin have in particular a high environmental impact. To produce animal 
source foods vast amounts of limited natural resources, e.g. energy, land and 
water, are required. These natural resources are closely related to the most 
important environmental problems. The use of energy from fossil fuels is the most 
important source for anthropogenic greenhouse gas. Greenhouse gases as carbon 
dioxide (CO2), nitrous oxide (N2O) and methane (CH4) contribute to climate change, 
currently perceived as one of the most important environmental problem. Arable 
land available for agriculture is already limited. Furthermore, food production has to 
compete with other anthropogenic land users such as urban expansion. This limits 
the available land even more. Therefore, in the near future more food has to be 
produced on less available land. Already, land required for animal source food 
production is a key factor in environmental problems. For instance, land 
degradation, e.g. deforestation, desiccation and soil loss, is directly linked to land 
required for animal source food production. Freshwater is scarce in many world 
regions and to serve the water needs of a growing world population with a 
depleting freshwater supply is a major challenge in the coming century. Agriculture 
is the largest user of freshwater. The animal source food production system uses 
water for drinking and servicing the animals, irrigation of crops and for production 
processes. Reducing the use of natural resources required for livestock production 
will have a positive effect on most environmental impacts. 
 
1.2 The animal source food production system 
To reduce the environmental impact of animal source food understanding the 
system is crucial. The animal source food system is the entire food producing and 
consuming system including related branches that supply resources, goods and 
service and that process wastes. It is a global system in which products are 
produced in one country and consumed in another. Furthermore, the animal source 
food production system is interconnected with other systems. For instance, 
soybeans produced in Brazil are shipped to the Netherlands were they are 
processed, yielding vegetable oil and scrap. The oil is mainly used by the food 
industry, in the Netherlands or anywhere else, for baking and frying products which 
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are subsequently shipped around the World to for instance Brazil. The scrap is 
used by the feed industry to produce feed which is fed to livestock. Livestock yield 
products that are used for food and non-food purposes, e.g. ham, cheese, 
shampoo, glue, etc. The many production steps, the multiple environmental 
impacts, the global character and the interconnection with other systems, 
complicates the identification of options to reduce the aggregated environmental 
impact of the animal production system to be complex. 
 
2. Goals and research approach 
 
The main goals of this thesis are first to gain insight in the natural resource use of 
the animal source food production system and second to identify possibilities and 
options to reduce the natural resource use of animal source food production. 
The thesis focus is predominantly directed on the Dutch animal source food 
production and consumption. Due to constraints of time and data availability 
assessing all animal source food production systems in the world is not feasible. It 
is also not necessary for understanding reduction options and their implications. All 
animal source food production systems require the same commodities, roughly use 
the same types of animals and function by the same principle the conversion of 
vegetable products into livestock. To reach the goals this study focuses first on 
system analysis to identify relations and interactions between other production 
systems, food and non-food and second the natural resource use in the production 
chain is determined.  
The computer model Modias is developed to integrate widely spread knowledge 
and data on the Dutch food production system. The model compares and 
evaluates the natural resource use of Dutch livestock production systems.  
 
3. Findings 
3.1 Natural resource use of animal source foods 
In chapters 2, 3 and 6 natural resource use of animal source foods is analysed and 
elaborated on. 
Chapter 2 is an analysis of the land requirement of different types of meat and 
possibilities for reduction. Meat requires vast areas of land which are mainly 
required for feed production. However, differences in land requirements of a factor 
of three were found between different agricultural production systems and feeds as 
well as between types of livestock. In the current production system chicken has 
the lowest land requirement and beef the highest. The acreage of land required for 
meat products is strongly related to the yield of feed crops and the feed conversion 
of the livestock.   
 
Chapter 3 is an analysis of the energy requirements of pork, chicken, eggs and 
milk. Contrary to land energy is required in the whole production and consumption 
chain. The whole production chain until consumption is therefore analysed. Animal 
source foods are a protein source in human diets. Therefore, results are not only 
presented on a kilogram product base but also on the bases of the protein content. 
On a protein base differences between animal source foods are small with chicken 
having the highest energy use while eggs have the lowest. However, results show 
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large differences in energy use among the different sectors of the livestock 
production system studied. The agricultural sector, the transport sector and 
household handling are the most important energy users. Each sector uses 
approximately one third of the energy required.  
 
In chapter 6 a comparison between a conventional and an organic system is made 
on energy, land and water use. With regard to feed requirements the conventional 
system is more efficient. This is due to factors as a lower livestock activity, shorter 
lifespan and higher use of medication. Animal source foods produced in the 
conventional system require less feed. Feed fed in the conventional system differ 
from feed fed in the organic system on: composition (the mix of feed ingredients 
differ), on country of origin (feed ingredients in organic system are more often 
locally produced) and is differently produced (conventional feed is produced with 
use of higher inputs such as fertilizer and pesticides). As a result feed in the 
conventional system is only more efficient with regard to land use and less efficient 
with regard to energy use.  
 
3.2 System analysis  
The chapters 2 to 6 comprise research to the many elements, interaction and 
relations of the animal source food system, and how this system interacts and 
subsequently affecting related environments.  
Chapter 2 and 3 show the interaction of the animal source food system with the 
vegetable food production system. A large part of the feed (70%) fed to livestock 
exists out of by-products of the food industry. Chapter 5 demonstrates that 
substantial amounts of meat can be produced from human inedible by-products 
generated as a result of vegetable based food consumption. Due to the interaction 
with the vegetable food systems the natural resource use changes more than 
proportionally when consumption alters. As a result there is a non-linear relation in 
the environmental impact of animal source food. 
Chapter 4 shows the interaction with non-food systems. For instance, changing the 
food system to reduce health risks increases the natural resource use of food. A 
connection is shown between the ban on slaughter waste in feed as a result of the 
BSE affair and the destruction of 10 million hectares of rainforest.  
Chapter 6 shows that in livestock production systems feed is also required by 
several animals that are not used for human consumption. These animals have an 
indirect effect on the natural resource use of animal source foods. Results show 
that this feed contributes approximately for 20% of the total feed. The importance 
of this contribution is different per natural resource and differs also among 
production systems.  
This thesis shows also that the possibilities to reduce the natural resource use of 
the animal source food production system have limitations. For instance, not all 
feed ingredients are suitable for each type of livestock. Chicken for instance has 
the lowest environmental impact of the meat types analysed. Substituting all the 
meat by chicken is a theoretical option to reduce the environmental impact. 
However, the digestion system of chicken is mainly suitable for digesting grains. 
The food production system would, therefore, be left with feed ingredients such as 
by-products that chickens cannot digest. This strategy will therefore results in an 
increase of the environmental impact of food. In such case feeding pigs by-
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products and chicken grains will be the most optimal strategy. Trade-offs between 
natural resources occur as well when optimizing on specific natural resource. 
Chapter 2 shows, for instance, that land requirements can be halved when feed 
ingredients are used with higher nutritive values and yields. Higher yields, however, 
require more input from other resources like energy for fertilizer production and 




This thesis aims at I) gaining insight in the natural resource use of the animal 
source food production system and II) identifying possibilities and options to reduce 
the natural resource use of animal source food production. 
 
As an overall conclusion this thesis shows that animal source food production is a 
complex system. Owing to this complexity there is no simple solution for realizing 
substantial resource reductions. The following options are identified: 
- chicken requires fewer natural resources than pork and beef, in general 
- in protein terms, milk and eggs (or meat substitutes based on them) have a 
natural resource requirement comparable to meat (chicken) 
- by-products (waste streams) should always be fed first 
- energy use can be reduced when feed is more locally produced 
- land use can be reduced by changing the feed composition, for instance, 
using less soybean. 
 
Furthermore, when optimizing natural resource use the following should be taken 
into account:  
- when comparing different systems that yield the same animal source 
foods it is important to include the biological subsystem as well, e.g. 
parental animals;  
- the animal source food production system is closely linked with other 
systems. Changes in one system will therefore affect other systems; 
-  feed is an important resource user. Research to increase 
sustainability of animal source foods should focus on efficient feed use 
and production; 
- there is a non-linear relation between animal source food consumption 
and the environmental impact of animal source food.  
 
Animal source foods have a substantial impact on the environment. Therefore, 
animal source food has to be produced more environmentally friendly. This implies 
that animal source food production should minimize environmental degradation by 
using natural resources at a rate at which they can replenish naturally. The results 
of the thesis can be used to analyse different options for a more environmentally 






1. Inleiding  
 
1.1 Dierlijke voedselproducten en milieu 
Dierlijke voedselproducten zoals, vlees, melk en eieren, zijn voor de meeste 
mensen een vast onderdeel van het menu. Deze producten leveren belangrijke 
voedingsstoffen voor het goed functioneren van het lichaam. Voedsel eten we 
echter niet alleen vanwege de voedingswaarde maar ook omdat we het lekker 
vinden, vanwege onze cultuur (eieren eten met Pasen is een traditie) en vanwege 
sociale functies (de jaarlijkse buurtbarbecue).  
De productie en consumptie van dierlijk voedsel gaat gepaard met een relatief 
groot milieubeslag. Verschillende milieuproblemen zijn direct of indirect gerelateerd 
aan dierlijke voedselproducten. Naast het gebruik van natuurlijke hulpbronnen 
zoals energie, water en land draagt de productie en consumptie bij aan 
milieuproblemen zoals;  
- klimaatverandering, door de uitstoot van broeikasgassen; 
- eutrofiëring, door de uitspoeling van nutriënten; 
- verzuring, door de uitstoot van NHx 
- vervuiling, door o.a. het gebruik van antibiotica en gewasbeschermings- 
 middelen 
- verlies van biodiversiteit, door ontbossing, vervuiling en monocultures; 
 
De productie van dierlijke voedselproducten heeft dus gevolgen voor veel 
milieuproblemen. Om al deze milieuproblemen te monitoren zouden veel 
verschillende milieu-indicatoren nodig zijn. Volgens Gerbens-Leenes (2003) zou dit 
weinig aanvullende kennis en inzicht geven in het milieubeslag van 
voedselproducten. Gerbens-Leenes (2003) stelt daarom voor om drie indicatoren 
te gebruiken om het milieubeslag van voedsel te duiden; het energiebeslag, het 
landbeslag en het waterbeslag. Energie, land en water zijn namelijk onmisbare 
hulpbronnen bij de productie van voedsel. Daarnaast zijn deze hulpbronnen 
gerelateerd aan de belangrijkste milieuproblemen. Energie uit fossiele bronnen is 
een belangrijke bron van antropogene broeikasgassen. De hoeveelheid vruchtbare 
landbouwgrond voor voedselproductie is schaars. Bovendien vindt er concurrentie 
plaats bij landgebruik tussen landbouw en veeteelt, en andere functies zoals 
wonen, infrastructuur en biomassa. Landgebruik voor voedselproductie draagt 
daarnaast bij aan ontbossing, verzilting en erosie. Water is in diverse gebieden in 
de wereld een schaarse hulpbron. Landbouw is de grootste verbruiker van water. 
Water wordt gebruikt als drinkwater voor dieren, irrigatie van gewassen en voor 




1.2 Het dierlijke voedselproductiesysteem 
Om efficiënte reductieopties voor natuurlijke hulpbronnen te formuleren is het 
noodzakelijk de voornaamste processen te identificeren. Hiervoor is een gedegen 
inzicht in het dierlijke voedselproductiesysteem vereist. Het dierlijke 
voedselproductie systeem is het gehele systeem vanaf de landbouw tot en met de 
afvalfase na consumptie inclusief toeleverende diensten en goederen. Het 
voedselsysteem is een wereldwijd systeem waarin producten worden verbouwd in 
het ene land en worden geconsumeerd in het ander. Daarnaast is het 
voedselsysteem nauw verbonden met andere systemen. Een voorbeeld hiervan is 
het gebruik van soja in Nederland. Soja uit Brazilië wordt per boot naar Nederland 
vervoerd waar het wordt verwerkt tot olie en schroot. De olie wordt gebruikt voor 
voedselproducten die vervolgens in Nederland worden geconsumeerd of 
getransporteerd naar consumenten in andere landen. Het schroot wordt gebruikt 
als grondstof voor veevoer. Landbouwhuisdieren leveren vervolgens producten die 
worden gebruikt voor voedsel en non-food producten zoals ham, kaas, shampoo 
en lijm. De complexiteit vanwege de vele productiestappen, het wereldwijde 
systeem, de verschillende milieuproblemen en de relatie met andere 
productiesystemen maakt het ingewikkeld om reductie opties van het milieubeslag 
van dierlijke voedselproducten te bepalen.  
 
2. Doel van het proefschrift en de onderzoeksbenadering 
 
De belangrijkste doelstellingen van dit proefschrift zijn: 
- ten eerste inzicht geven in het gebruik van natuurlijke hulpbronnen 
voor dierlijke voedselproducten. 
- ten tweede mogelijkheden aandragen om het hulpbrongebruik te 
verminderen. 
 
Om deze doelstellingen te onderzoeken is het niet noodzakelijk om naar alle 
bestaande dierlijke productiesystemen te kijken. Dierlijke 
voedselproductiesystemen gebruiken globaal dezelfde goederen, houden 
vergelijkbare soorten landbouwhuisdieren en werken volgens hetzelfde biologische 
principe van het omzetten van plantaardig materiaal naar dierlijke producten. Het 
onderzoek in dit proefschrift richt zich daarom vooral op het Nederlandse dierlijke 
voedselproductie en consumptiesysteem als voorbeeld van een Westers 
productiesysteem.  
Om de doelstellingen te verwezenlijken worden twee onderzoeksmethoden 
toegepast. Ten eerst een systeem analyse om de relaties en interacties tussen 
andere productie systemen te analyseren. Ten tweede wordt het gebruik van 











3.1 Natuurlijk hulpbron gebruik 
Landbeslag 
In hoofdstuk 2 is het landbeslag van verschillende vleessoorten geanalyseerd en 
zijn reductiemaatregelen geïnventariseerd. Land is hoofdzakelijk nodig voor de 
teelt van veevoedergewassen.Kippenvlees (7,7 m2) heeft het laagste landbeslag 
terwijl rundvlees (29,0m2) het hoogste landbeslag heeft van de onderzochte 
vleessoorten. Deze verschillen worden voornamelijk veroorzaakt door verschil in 
opbrengst per hectare tussen verschillende veevoedergrondstoffen en verschil in 
conversie tussen soorten landbouwhuisdieren.  
 
Energiebeslag 
In hoofdstuk 3 is het energiebeslag van dierlijke voedselproducten bepaald. In 
tegenstelling tot land wordt energie in de gehele keten verbruikt. Landbouw, 
transport en huishouden zijn de belangrijkste energieverbruikers. Ieder verbruikt 
ongeveer 1/3 van de benodigde energie.   
 
Conventionele of biologische productie 
Er zijn verschillende soorten landbouwsystemen in Nederland. De gangbare 
methode is intensief. Echter ongeveer 5% van de landbouw is biologisch. Voor 
veehouderijsystemen is dit minder, ongeveer 2,5%. In hoofdstukken 2 en 3 is het 
landbeslag en het energiebeslag van conventionele veehouderijsystemen in 
Nederland bepaald. Hoofdstuk 6 maakt een vergelijking tussen een conventioneel 
en een biologisch systeem op het gebruik van de natuurlijke hulpbronnen, water, 
energie en land. Uit deze analyse blijkt dat een conventioneel systeem minder 
veevoer nodig heeft. Dit komt door een kortere levensduur, minder 
bewegingsvrijheid en een hoger gebruik van medicatie. Veevoer in een 
conventioneel systeem verschilt echter van veevoer in een biologisch systeem; de 
samenstelling van de veevoederingrediënten verschilt, het land van herkomst 
(biologisch veevoer wordt vaker lokaal geproduceerd) en de wijze van telen van 
veevoedergewassen verschilt. Veevoedergewassen in het conventionele systeem 
worden geteeld met gebruik van meer hulpbronnen zoals kunstmest en 
gewasbeschermingsmiddelen. Veevoer geproduceerd in het conventionele 
systeem heeft een lager landbeslag maar een hoger energiebeslag dan veevoer in 
het biologische systeem. 
 
3.2 Systeem analyse  
Wisselwerking met het plantaardige voedselsysteem 
Productie en consumptie van dierlijk voedsel is nauw gerelateerd aan plantaardige 
voedselproductie. Uit hoofdstuk 2 en 3 blijkt bijvoorbeeld dat 70% van het veevoer 
bestaat uit bijproducten van de voedingsmiddelenindustrie zoals aardappelschillen, 
sojaschroot en suikerbieten pulp. Deze bijproducten komen vrij bij de productie van 
aardappelproducten zoals patat en chips, sojaolie en suiker. Als je de consumptie 
van deze producten per Nederlander weet is het mogelijk om te bepalen hoeveel 
bijproducten hierbij vrijkomen. Door deze bijproducten vervolgens te vervoederen 
aan een varken is de hoeveelheid varkensvlees te bepalen. In hoofdstuk 5 is 
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berekend dat dit ongeveer 135 gram vlees per Nederlander per dag is. Op basis 
van eiwitwaarde komt dit overeen met de dagelijks aanbevolen hoeveelheid. 
Wanneer deze bijproducten zouden worden aangemerkt als stromen waar anders 
geen nuttige toepassing voor is dan kan het gebruik van deze bijproducten als 
veevoer worden aangemerkt als milieuvriendelijk.  
Uit hoofdstuk 5 blijkt ook dat door de wisselwerking met het plantaardige 
voedselsysteem het gebruik van natuurlijke hulpbronnen voor dierlijke 
voedselproducten verandert wanneer het consumptiepatroon wijzigt. Ten eerste als 
we bijvoorbeeld geen suiker meer zouden consumeren is er minder 
suikerbietenpulp beschikbaar voor veevoer. Daardoor is er een alternatieve 
grondstof nodig die hoogstwaarschijnlijk een ander milieubeslag heeft. Ten tweede 
als de vleesconsumptie stijgt, zijn er verhoudingsgewijs minder bijproducten 
beschikbaar per eenheid vlees. Hierdoor is er niet lineaire relatie tussen de milieu-
impact en de consumptie van dierlijke voedselproducten. Deze relatie heeft tot 
gevolg dat een toename in dierlijke voedselconsumptie zal leiden tot een snellere 
stijging in het milieubeslag. Omgekeerd als de consumptie van dierlijke 
voedselproducten daalt en absolute hoeveelheid bijproducten in veevoer blijft 
constant dan zal het milieubeslag sneller dalen. 
 
Wisselwerking met non-food systemen 
Het dierlijke voedselsysteem is ook verbonden met non-food systemen. Een 
voorbeeld hiervan bijproducten die gebruikt kunnen worden als veevoer maar ook 
voor de productie van bio-energie. Hoofdstuk 4 laat zien dat veranderingen in het 
voedselsysteem ten bate van de voedselveiligheid leidt tot een toename van het 
natuurlijk hulpbron gebruik. In dit hoofdstuk is een verband gelegd tussen de BSE 
affaire en de ontbossing van 10 miljoen hectare regenwoud in het Amazone gebied. 
 
Wisselwerking met het biologische systeem  
Dierlijke voedselproducten worden geproduceerd door landbouwhuisdieren die hier 
specifiek voor worden gehouden. Echter deze dieren komen weer voort uit ander 
soorten landbouwhuisdieren. Varkensvlees is voornamelijk afkomstig van 
vleesvarkens. Vleesvarkens komen voort uit speciale fokzeugen en fokberen. Deze 
dieren hebben ook een milieubeslag. Hoofdstuk 6 analyseert deze bijdrage. Het 
meenemen van het veevoer gebruikt door fokzeugen en fokberen geeft een 
significante stijging van het milieubeslag. De toename verschilt echter per 
natuurlijke hulpbron en per type productiesysteem. 
 
Systeem limitaties 
Het dierlijke voedselsysteem kent enige systeem limitaties die de mogelijkheden 
voor het verminderen van het milieubeslag beperken. Niet alle 
veevoedergrondstoffen zijn bijvoorbeeld geschikt voor elk soort landbouwhuisdier. 
Kippen hebben bijvoorbeeld het laagste milieubeslag. Alle vlees vervangen door 
kippenvlees is theoretisch een mogelijkheid om het milieubeslag van dierlijke 
voedselconsumptie te verminderen. Het verteringssysteem van kippen is vooral 
geschikt voor granen. In een dergelijk geval zouden veevoedergrondstoffen zoals 
bijproducten niet worden gebruikt. Een dergelijke strategie zou daarom tot een 
stijging van het milieubeslag leiden. In een dergelijk geval zou de meest optimale 
strategie zijn het voeren van de bijproducten aan varkens en de granen aan kippen.  
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Een ander voorbeeld is dat een groot deel van het landbouwareaal bestaat uit gras 
omdat de grond niet geschikt is voor een andere toepassing. Het houden van 
runderen op gronden waar geen andere toepassing dan gras mogelijk is draagt bij 
aan een milieuvriendelijker voedselsysteem. 
  
Afwentelingen 
Analyse van het dierlijke voedselsysteem laat zien dat er ook afwenteling plaats 
vindt. Hoofdstuk 2 bijvoorbeeld, laat zien dat het landbeslag kan worden 
gehalveerd wanneer veevoedergrondstoffen met een hogere voedingswaarde of 
opbrengst worden gebruikt. Hogere opbrengsten vereisen echter ook meer 
grondstoffen zoals energie voor kunstmest en water. Het is daarom belangrijk dat 




Dit proefschrift had als doel om;  
1) inzicht te geven in het natuurlijke hulpbronnen gebruik van dierlijke 
voedselproducten 
2) mogelijkheden aan te dragen om het hulpbron gebruik van dierlijke 
voedselproducten te verminderen. 
 
Als algemene conclusie toont dit proefschrift aan dat het dierlijke voedselsysteem 
een complex geheel is met verschillende interacties en afwentelingen. Daarom 
dient bij het verminderen van het milieubeslag van dierlijke voedselproducten 
rekening te worden gehouden met: 
- bij een vergelijking tussen dierlijke voedselproducten dient ook het 
biologisch subsysteem in ogenschouw te worden genomen, zodat ook 
de invloed van o.a. ouderdieren mee wordt genomen. 
- omdat het dierlijke voedselsysteem nauw verweven is met andere 
productiesystemen zal een verandering in het dierlijke voedselsysteem 
ook effect hebben op een ander systeem. Zie bijvoorbeeld het effect 
van het verbieden van diermeel als veevoedergrondstof.  
- in het dierlijke voedselsysteem is veevoer de grootste verbruiker van 
natuurlijke hulpbronnen. Toekomstig onderzoek om de duurzaamheid 
van dierlijke voedselproducten te verbeteren zou zich moeten richten 
op een efficiëntere voederconversie en productie van 
veevoedergrondstoffen. 
- er bestaat een niet lineaire relatie tussen consumptie van dierlijke 
voedselproducten en het milieubeslag. 
 
Vanwege de complexiteit van het dierlijke voedselproductiesysteem is het niet 
mogelijk één simpele oplossing aan te wijzen om het milieubeslag van dierlijke 
voedselproducten aanzienlijk te verminderen. Uit de resultaten van dit proefschrift 
blijkt dat: 
- kippenvlees ten opzichte van rundvlees en varkensvlees minder 
natuurlijke hulpbronnen nodig heeft; 




- het vervoederen van reststromen een positief effect heeft op het 
natuurlijk hulpbron gebruik; 
- energiebeslag vermindert wanneer voedsel meer lokaal wordt 
geproduceerd; 
- landbeslag kan worden verminderd wanneer de voedselsamenstelling 
wordt aangepast. 
 
Het produceren van vlees, melk en eieren heeft aanzienlijke gevolgen voor het 
milieu. Het is daarom noodzakelijk dat deze producten milieuvriendelijker worden 
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“Thus the greatest art/science effort and the institution of this nation need to be 
based on how to carry out the particular conservation and cultivation of woods so 
that we will achieve a continuous, permanent and sustainable use, because it is an 
indispensable necessity, without which the country will no longer remain in its 
essence.” 
 
Hans Carl von Carlowitz, Sylvicultura oeconomica (1713) 
 
